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PREFACE 

Bt E. J. RuaaBLL, D.So., P.R.S. 

Director of the BothRmsted Experimental Station 

1 HB otilisation of bode alag in agriooltore is an excellMit example 
of the help that modem soienoe affords to the working farmer. A 
waste product of ateel-making, resulting from a modification by 
Thomas and Gilchrist in 1878 of the Bessemer process, it was at first 
considered worthless and thrown on the refuse heap. The late Prof. 
John Wrightson made field experiments in 1884 and 1885 at Fertyhill 
aatd at Downton, and showed that the material had notioeable fer- 
tilising value: this discovery was confirmed and developed by the 
systematic pot experiments of Paul Wf^er at Darmstadt, which 
b^an in 1886 and continued for several yeus afterwards. Extensive 
field tests were made during the 'nineMes by Sir (then Professor) 
J. J. Dobbie and Prof. D. A. GHlohrist at Bwigor, and by Prof. W. 
Somerville and later on by Sir T. H. Middleton at Cockle Park, with 
the result that a considerable body of information was accumulated 
as to the efiectiveness of basic slag under the various conditions 
obtaining in practice. This has already been Bununarised by Prof. 
Somerville in the Jowmal of the Board of Agriculture for 1911, 1018, 
etc. 

Some ten years ago, however, it became evident that the baaio 
open hearth process would be a serious competitor with the Besaemer 
process, and chemical examination showed that the slag, though 
correctly described as 'baaio sl^,' was altogethra different from 
the material with which the agriculturist had become familiar. The 
upheaval caused by war and post-war conditions gave an enormous 
impetus to the open hearth proems, and it is now extending to so 
many works that before long the older process will probably cease 
to be operated. 

This result is of course distinctly awkward for the agriculturist who 
sees a valuable fertiliser disappearing, and being replaced by one which 
is more costly and at first sight seems to be nothing like as good. 

Dr Scott Robertson has the great advantage of being in close 
touch with the steel-making industry, and at the same time of being 
able to CMty out agricultural experiments. At the outset of his in- 
vestigations he made a careful selection of the types of slag likely to 
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be prodnced in the future and in 1915 laid ont field experiments in 
Esaex to compare these newer types with the old familiar Thomas or 
Bessemer slag. These experiments were continued for fire years and 
they gave a mass of data so important in character as to deserve wide- 
spread circulation among farmers and agricultural experts. Separate 
publication was therefore advised and the Syndics agreed to its in- 
clusion in the Cambridge Agricultural Monographs. 

Portunately Dr Scott Robertson had included also some typical 
mineral phosphates in the trials so that valuable information has been 
obtained in regard to a second problem which, while not pressing in 
1915, has grown in importance since and is likely to be serious in the 
future. 

This second problem arises as a direct consequence of the circum- 
stance that basic sl^ is a by-product only, and not a primary object 
of manufacture. Prom the steel-mskers' point of view it is relatively 
unimportant. Some 4 cwt«. only are obtuned for each ton of basic 
steel produced, and while the ton of steel has been worth anything 
from £27 in 1920 to £10 in 1921, the 4 cwts. of slag is worth less than 
58. to the steel-makers tmd only abont IBs. even after the slag grinder 
has graded, ground and bagged it. The steel-maker cannot afiord to 
alter bis processes in any way that would lengthen them or make them 
more costly or hazardous. The agriculturist must therefore take the 
slag as he finds it and cannot expect the consideration that would be 
shown bim by the makers, say, of superphosphate, which Is a primary 
object of manufacture and not a by-product. The practictd result is 
that the composition of basic slag is determined by the conditions 
under which the steel-maker is working, and the total amount pro- 
ducible is regulated by the demand for steel; neither of which factors 
is in any way within the control of the agriculturist or influenced to 
any appreciable extent by his demands. 

It is important that this distinction between basic slag and other 
fertilisers should be recognised. If the farmers of this country demanded 
double their present supplies of Buperphosphate, of nitrates, of sul- 
phate of ammonia or of potassic fertilisers, the manufacturers could 
provide the additional material: if, however, basic slag were desired 
over and above the quantity determined by the demand for steel it 
could not be anpplied except perhaps by importation. 

The position thus created ia being explored by the Permanent Com- 
mittee set up by the Ministry of Agriculture to advise on basic slag. 
On the agricultural side there is evidence that the farmers of the 
United Kingdom might with advantage to themselves and the oom- 
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mnnity use no less than 890,000 tons per annam, equivaleDt to 
33,820,000 units of tricalcicphosphate. On the other hand the 1920 
output of British steel yielded about 560,000 tons of slag of 15^ per 
cent, or higher content of phosphate, equivalent to 13,400,000 units 
of tricolcicphoBphate. There is therefore a considerable gap between 
the farmera' potential demand and the visible supply. The difficult 
problems associated therewith are being fully and sympathetically 
studied by agiicultuiifits and steel-making experts and no doubt 
various solutions will be devised. One obvious possibility is to use 
ground mineral phosphates to stiffen out the suppUes, and here 
Dr Robertson's experiments will prove helpful. 

Dr Robertson has not confined himself to the practical demonstra- 
tion of increased yields: he has gone further and endeavoured to 
ascertain why the increases have been obtained, thus giving the 
monograph a scientific as well as an empirical interest. He examines 
the change in herbage and he shows that the physical properties of 
the soil and the bacterial actions in the soil are much influenced by 
the phosphate in the slag, thus throwing important light on the view 
now commonly held by experts that poor grassland should not be 
ploughed out till after it has been improved by slag. 

The monograph contains a store of information about the new slags 
and is a model of thorough and systematic investigation. I have 
personally inspected the plots on several occasions and have seen 
much of the experimental work. It deserves close study by all who 
aie interested. 

E. J. R. 
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Xhk main purpose of this book is to put on record the reeulta of the 
field experiments with rook phosphates and open hearth basic slags 
condncted in Essex during the period 1915-20. 

The field trials have been confined to grass land, and the results 
have been measured by increases in the we^ht of the hay crop, and 
by the improvement in the quality of the crop, as detenoined by 
botanical analyses. This plan has been adopted for two reasons : first, 
because it is on grass that the primary and secondary actions of 
phosphates are most apparent, and most readily measured ; secondly, 
because on permanent grass, in Essex at any rate, the issue is not 
complicated by previous applications of artificial manures, and it is 
therefore easier to follow out the experiment year by year than under 
arable conditions. 

The objection may be raised that increased weight« of hay do not 
give a true t^t of the improvement which has taken place, and that 
such a t^t can only be obtained through the medium of the animal. 
While there is much to be aoid in favour of this contention, it may be 
safely assumed that, when botanical analysis shows the quality of the 
herbage is similar, the increased weights of hay bear a definite relation- 
ship to the five-weight gains, and do aSord a satisfactory method of 
comparing the efficiency of the various phosphates. Moreover, it must 
be remembered that hay is an important crop, and in Essex, as else- 
where, it is the prevalent custom to graze and mow the permanent 
grass in alternate years. 

The Essex results with ground rock phosphates indicate that there 
are soil conditions under which these types of phosphate may be 
expected to give as good and as quick resulte as the more soluble 
types of phosphatic fertilisers. It is equally clear, however, that under 
other conditions the advantage is decidedly in favour of the more 
soluble types. Experiments in progress in the North of Ireland on 
the turnip crop strikingly bear out Uiis conclusion, and it would seem 
probable that an explanation of the different results secured elsewhere 
might be obtained by means of an examination of soil and climatic 
conditions. 

I have to acknowledge my indebtedness to Dr E. J. Russell, F.R.S., 
for the great interest he has taken in the work here described. From 
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the diBcussions which took place during his annual Tisits to the various 
experimental centres many helpful suggestions came. 

For the method of estimating nitrates I am indebted to Mr D. J. 
Matthews, till recently of the Bothameted Experimental Station, and, 
for the nitrate determinations, to my former colleague, Mr R, G. 
Baskett. For the bacterial counts in Tables XLV and XLVI I am 
indebted to Mr James Bryce, B.Sc. ; for the meoluuiical analyses in 
Table XXXIX to my former colleague Capt. H. H. Nicholson, M.A. 
(Cantab.) ; for the rainfall data to Mr Carle Salter, the Superintendent 
of the British Rainfall oi^anization, and for the illustrations of Nauru 
and OceEin Islands to Mr A. F. Ellis, the Commissioner for New Zealand 
on the Board of the British Phosphate Commissioners. 

I should also like to record my thanks to Messrs B. Smith, N. F. 
Miles, T. Wood, C. L. Petheybridge and A. Freshwater, on whose 
farms the more important of the field trials were laid down, for the 
core they have taken of the plots and for the ready help they have 
given through the whole period of the trials. 

Finally, I have to express my keen appreciation of the kindness of 
the Agricultural Education Committee of the Essex County Council, 
who provided unique facilities for the work and gave me a free hand 
in the carrying of it out. To the generosity of the members of this 
Committee is due, in no small measure, the opportunity of submitting 
this book to all who are interested in the progress of Agriculture. 

G. S. R. 



Thb Qdbeb's Ubitbiisiti C 
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INTRODUCTION 

Insoluble phosphates have been applied to the land in the form of 
bones for a very long time, and until the beginning of the nineteenth 
century it was generally assumed that they owed their Value to the 
oil which they contained. Lord Dundonald in his Treatise on the 
Connection of Agriculture with Chemistry, published in 1795, seems 
to have been one of the first investigators to realise that the fertilising 
value of bones was due to the phosphoric acid which they contained. 
Kixkman writing in 1796 came to the same conclusion, and so did 
de Saussure in 1804, These opinions were accepted and repeated by 
Liebig, who was perhaps largely responsible for the widespread dis- 
semination of this important piece of information. Dundonatd in hia 
Treatise goes a good deal further than the other investigators, in as 
much as speaking of the phosphate of lime in bones he records: 
"It is a saline compound, very insoluble. There is reason to beheve 
a very considerable proportion of this nearly insoluble salt is contained 
in most fertUe soils." It may therefore be said that Dundonald was 
the first investigator to establish the value of insoluble phosphates. 

Towards the end of the eighteenth and the beginning of the nine- 
teenth century the use of insoluble phosphates increased with great 
rapidity throughout Europe, but nowhere more so than in this country. 
By about 1815 the home supply began to prove insufficient to meet 
the large demimd, and resort was had to importation from Europe. 
The import of bones grew rapidly, and some idea of the importance 
then attached to the supply of insoluble phosphates may be gained 
from LJebig's passionate outburst: 

England is robbing all other countries of their fertility. Already in her eager- 
ness for bones, she has turned up the battlefields of Leipaic and Waterloo and of 
the Crimea; already from the Catacombs of Sicily she has carried away the 
skeletons of many suooeseive generations. Annually she removes from the 
shores of other countries to her own the manuriaJ equivalent of three million 
Emd a half of men, whom she takes from us the means of supporting, and 
squanders down her sewers to the sea. Like a vampire she hangs on the neok 
of Burope, nay of the whole world, and auoka the heart blood from nations 
without a thought of justice towards them, without a shadow of lasting 
advantage to herself ! 

The discovery of large deposits of rock phosphates in Spain, in 
this coimtry and in other parts of Europe, eased the situation. More- 
over these discoveriee came close on the heels of Lawes's patent for 
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disBolving bonefl in snlphoric acid, and at a time when his ezpeiim^its 
with disfiolved bonee, and later with disBotved rock phosphates, at 
RothamBted focuaaed attention very effectively on the sTiperior value 
of water soluble phosphates. The Rothamsted ezpeiiments seem to 
have very rapidly convinced those farmers who followed such develop- 
meoitB of the superior e£Sciency of water soluble phosphates, although 
attention waa drawn at intervals to experiments which apparently 
showed insoluble phosphates to be as effective as water soluble phos- 
phates. 

BASIC BESSEMER SLAG 

The introduction by Thomas and Gilchrist in 1878 of their process 
for removing phosphorus from the molten pig-iron provided in the 
resulting slag a new source of phosphate for agricnltiual purposes. 

The presence of phosphorus in steel, except in very small amounts, 
renders the metal brittie and unfit to use for many manufacturing 
porposes. Most of the iron ores in this country are highly phos- 
phatic, and until the coming of the Thomas and Gilchrist process it 
was not possible to remove phosphorus from the pig-iron and so 
produce a good quality of steel. 

The first step in the manufacture of steel is the conversion of iron- 
ore into pig-iron imder the reducing conditions which exist in the 
hearth of the blast furnace. Such reducing conditions are essential 
for the recovery of iron from the ores, but they prevent the oxidation 
of phosphorus, which therefore passes into the pig-iron. 

The conversion of non-phosphatie pig-iron to steel is carried out 
■ in a Bessemer vessel with a siliceous lining — acid process, K phos- 
phorus is present in the pig-iron phosphoric acid is formed, which, 
being unstable in the prraence of an excess of iron, reverts to phos- 
phide of iron, which is not removed in the slag. 

The Thomas and Gilchrist modification of the Bessemer process 
consists in lining the furnace with a basic material instead of a 
siliceous lining, and of adding suitable quantities of hme to the molten 
iron. The phosphoric acid formed combines with the hme producing 
a stable phosphate of calcium, which is removed in the slag which 
floats on top of the molten metal in the converter. 

The process was first tried on a large scale at Messrs Bolckow 
Vaughan and Co.'s Eston Works, in 1879, and a copy of the record 
which illustrates the manufacture of the first Basic Slag is reproduced 
in Table I by the courtesy of Mr Baniel Sillars, chief chemist to 
Messrs Bolckow Vaughan and Co. 
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Table I. Rbcobd of thb Easlibst MAinTPAoruBB of Basic Slag 
(May, 1879) 



Metal 


Si 


Graphite 


Comb. 
Car. 


Phoa. 


Time 
MiiLSec 


Slaos 
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SiO. 


CaO 


MgO 


P.0, 




Pk-iroa 


2-89 


3-36 


■06 


1-62 


I 




~zr 


_" 


>, 


_ 


_ 


1 


2-21 


2-64 


-80 


161 


3 















2 


1-43 


■06 


2-50 


161 


6 









it 






3 


■78 


Trftoe 


2-50 




9 













4 




Bad sample 


















5 


■13 


Nil 


■63 


1-36 


12 





3407 


43-63 


9W 


-60 


600 


6 


■10 




NU 


101 


15 





30-40 


4118 


900 


5-02 


610 


7 


Trtuie 






■77 


17 


30 


29-73 


36-68 


816 


5-18 


15-90 


8 


Nil 






-41 


18 


30 


23-73 


33<I5 


9-30 


IMO 


10-70 


9 








-12 


19 


30 


20-93 


36-62 


8-60 


10-94 


13-60 


10 








■10 


20 


30 




Bad sample 




Steel 


" 


" 


" 


■18 
Mii.15 


21 


10 


21-10 


32-84 1 9-96 


10-78 


13-60 



In the first blow it mil be noted tbe pb<»pborus fell from l-d2 % 
in the pig-iron to ■IS % in the finished ateel. 

When phosphorus has been removed to the required extent the 
converter is tipped forward and the slag allowed to flow over the 
top of the vessel into the slag pot where it ia either allowed to cool 
or tipped molten on to the slag heap. 

The production of steel by this process and the consequent accumu- 
lation of phosphatic basic slag increased with great rapidity, and 
attention was turned towards the possibihty of using these basic slags 
for fertUising purposes. It was at first considered that on account 
of the insolubiUty of the phosphates in water the material woold 
be of little vfdue for direct application. Attempts to obtain a suitable 
fertihser by dissolving the slag in acid proved unsuccessful. 

To Wrightson and Munro we owe the discovery in 1885 that if 
basic slag is ground to a fine powder it has a very considerable 
fertilising value. Their experiments were followed by many others 
including the now classic experiments at Cockle Park, which were 
commenced in 1896 by Professor Somerville and subsequently con- 
tinued and developed by Sir T. H. Middleton and Prof. D, A. Gilchrist. 
It is from the Cockle Park experiments that most of our information 
concerning the practical use of basic sl^ has been derived. These 
experiments continued over a period of 25 years do more than show 
that basic slag has a high fertiUsing value. They demonstrate that 
under the conditions at Cockle Park basic slag per unit of phosphoric 
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acid ia more effective than saperphoBphate, a reenlt which waa sub- 
sequently confirmed by the trials at Sevington, Ciansley, Hatly and 
Yeldham<28). At Sevington where the soil is well supphed with calcium 
carbonate (32) the returns for the two types of phosphates are for 
practical purposes identical, there being only a difference of 3 lbs. 
Hve weight gain in favour of slag over a period of nine years. 

The superior results from biuic slag at the remaining centres is 
probably due to the fact that on 'sour' soils, and on soils where the 
calcium carbonate content is not high, as at Cockle Park (0-59 % 
CaCOa), a certain proportion of the phosphoric acid in superphosphate 
is retained by the soil in the form of somewhat insoluble phosphates 
of iron and aluminium. With repeated dressings of superphosphate 
increasingly large proportions of the phosphoric acid revert to such 
insoluble forms. These experiments may therefore be said to have 
established the fact that insoluble basic phosphates have a distinct 
function in agriculture, imd that under certain soil conditions they 
are to be preferred to the water soluble phosphates in superphosphate. 

As a consequence of the Cockle Park experiments basic slag is 
used for the manuring of grass-land almost to the exclusion of other 
types of phosphatic fertihsers. Nor has its use been confined to 
grass-land, where perhaps rapidity of action is not of primary im- 
portance. In the south of Essex, basic slag is used on the arable land 
almost to the exclusion of superphosphate, and many of the most 
progessive farmers have attributed their success to the use of basic 
slag instead of superphosphate on their heavy clay soils, which are 
either devoid of calcium carbonate or have only a very poor supply. 

Some idea of the extent to which basic slag has been appreciated, 
and the lessons which Cockle Park taught assimilated, may be ob- 
tiuned from the following figures (Table II) showing the production 
and consumption of basic slag during the period 1903-1920. 



BASIC OPEN HEARTH SLAG 

Unfortunately for agriculture important changes in the manu- 
facture of steel have been taking place during the past few years. 
Economic conditions and to a certain extent the working out of the 
higher grade ores have made the basic Bessemer process uneconomical, 
and it has been replaced by the basic open hearth process. In this 
process iron-ore and lime are charged on to a basic hearth heated 
by producer gas, and the molten metal poured over the heated lime 
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Tablb n. Pboduotiok AifD Constjuphon of Basio Slaq in the 

Unttbd Kinqdoh. In Mbtbio Tons (thousands) 

Pboddotion InpoBxa Kxpobts Nwt 

1903 148 T T T 

1907 145 I T I 

1010 IflO ? T ? 

1913 404 61 169 286 

1914 404 17 134 287 
191fi 400 — 117 283 

1916 360 — 39 321 

1917 447 — 2 445 
•1917-18 600 — — 500 
*1918-19 666 I 2 — 
*19l9-20 497 ! 16 — 

* Season&l year Jime let to Maj Slst. The figutea tot 1913 to 1920 ore taken from 
the Hinistrf <n Agrioultore letoms. 

Table IU. Basic Bessbheb Pbocbss 



No. 


Time from 
begmning 


Motal 


Slab 


Si 


P 


SiO. 


PW 


MnO 


MgO 


CaO 


P.0, 


1 


Pig-iron 


1-88 


2183 


_ 


_ 


_ 


_ 


_. 


_ 




min. see 




















2 46 


0-72 


2-148 


4116 


2-40 


9-03 


4-13 


41-27 


0-84 




6 21 


0-16 


2-224 


36-30 


3-97 


11-02 


3-39 


39-60 


312 




8 5 


0007 


3157 


34-41 


3-60 


10-72 


3-35 


42-80 


2-99 




10 46 


0012 


2096 


31-94 


4-23 


9-94 


401 


43-12 


4-02 




13 28 


0-005 


2053 


16-64 


8-42 


8-61 


7-34 


44-37 


7-15 




16 13 


0^)08 


1-910 


14-65 


7-16 


7-39 


6-34 


46-63 


U-60 








O230 




-5-84 


4-25 


6-00 


47-76 






19 31 


»005 


0-I39 


12-20 


6-79 


4-01 


6-26 


48-69 






19 49 


0KW4 


0-067 


11-71 


7-19 


4-06 


6-38 


48-19 


18-16 


11 


Roilsted 


0-01 


0-146 


12-77 


6-94 


4-80 


6-75 


47-87 


16-92 



Table IV. Z 603. Oedinaby Basic Open Heabth Pbocbss 







Mbtals 






Suos 








Kme 
















No. 


















P-m. 


Car. 


Phos. 


Silica 


Lime 


iron 


P.O. 


P.O. 


8oL% 




2.26 


1-77 


■300 


a)-30 


33-2 


8-60 


17-OS 


16-36 


89-92 




2.40 


1-68 


■327 


19-90 


34-8 


7-30 


16-87 


14-86 


87-89 




2.66 


1-60 


-36 


18-80 


36-70 


8-40 


17-30 


15-49 


8953 




3.10 


1-67 




20-30 


34-90 


6-20 


17-08 








3.40 


1-48 


-321 


20-20 


3700 


5-60 


15-85 


11-90 






4.45 


1-10 


-19 


20-50 


37-70 


6-60 


16-66 


U-78 


75-22 




6.0 


■74 


-083 


15-50 


42^50 


7-20 


15^7 


6-38 


3477 




7.0 


•63 


■07 


lB-10 


40-50 


7-00 


16-75 


4-99 


3168 




8.0 


■14 


■026 


12-60 


41-80 


11-fiO 


13-66 


1-79 


1310 


10 


9.0 


■09 


-023 


10-20 


47-80 


14-70 


10-85 


1-66 


16-30 
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6 INTRODUCTION 

and ore. The oxygen necessary for the pniification of the pig-iron 
is supplied to the extent ol about 70 % by the action of the metalloidfi 
on the oxide of iron, the balance 30 % coming from the ozidisii^ 
gaaes of the furnace. In the Bessemer process the oxygen oomee 
entirely from the air blast, and the combustion of the phoaphoms, 
silioon, and carbon generates sufficient heat to raise the temperature 
of the steel to the required extent. The slag formed in the basic open 
hearth process is much greater in volume and there is a corresponding 
decrease in phosphoric acid content compared with the basic Bessemer 
process. Tables III and IV show the changes in the composition of 
the slag by the two processes. 

Commenting on Table IV Sillars says: 

The decrease in PtO, ooBtent becomes quite sharp after the fourth sample, 
and this, it will be observed, coincides with the oocimenoeineiit of the period 
at which carbon elinunation becomes predominant. It high grade slag is 
desired, it is removed at this stage, and after charging fresh lime and oxide 
of iron, the carbon elimination is proceeded with. It will be noticed that the 
phosphorus in the first metal sample is as low as in any of the four immediately 
following, and it may be asked why the slag could not equally well be removed 
at this stage instead of an hour later. The reason is that although the phos- 
phorus is eliminated very rapidly (sometimes it is reduced to 3 % twenty 
minutes aft«r chargii^), yet it is necessary to delay the removal of the slag 
until all frothing has ceased aod until the whole of the lime and ore is dis- 
solved in the bath and the heat is sufficiently high to allow the slag formed 
to flow freely through the tap hole. Unless the slag is removed when it has 
reaohed the Tf*''''"'"" concentration of phosphoric acid, the further additions 
of lime and ore, and the denudation of the furnace structure under heat, cause 
an increase in the slag volume which reduces the phosphoric acid ccmtent until 
at the termination of the process it will cont^n from 7 to 10 % only. As the 
content of lime increases, the slag thickens and reaches a viscosity which slows 
the progress of the 'boil.' This may be corrected by the addition of oxide of 
iron in the form of scale, but if sulphur has to be eliminated from the metal 
it is essential to keep the slag as basic as possible; the slag is therefore thinned 
by the addition of fluorspar, and it is this addition more than any other con- 
dition which reduces the solubility of the phosphoric acid in 2 % citric acid. 
In Table IV 1 owt. of fluorspar was added after the sixth sample was drawn, 
and the soluble phosphoric acid fell from U-78 % to 5-38 % immediately 
afterwards. 

H^h grade slag can be obtained by pouring the slag immediately 
before the addition of fluorspar. 

In the basic open hearth proceea the steel and slag are tipped into 
a ladle — the steel ladle — which is only lai^e enough to hold (he steel. 
When the steel ladle is full the slag overflows into the slag ladle placed 
immediately under the spout of the steel ladle (Plate I). 

The sigidflcance of the change may be better appreciated by a 
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consideration of the following figures showing the output i 
of the various grades of basic slag. 



Tablb V. 






PBODOOnON IN 


Gkadb 


(intOTiB) 


1. Over33%Ca,P,0, ... 


46,300 


2. 28-33% „ „ ... 


121,400 


3. 22-26% „ 


90,900 


4. 15-22% „ „ ... 


302.600 


B. ll-lfi% „ „ ... 


118,000 


6. Under 11%,, „ ... 


22,000 


Total all grades ... 


701,100 



The production of high grade basic slag, even if slf^ containing 
only 33 % of phosphate is so classed, had fallen by 1920 to less than 
one-tenth of the amount necessary to satisfy the demands of the 
farmer, and it is probable that a comparatively short time will see 
the last of this type of basic slag. 

Of the basic slags forming grades 3, i, 6 and 6, a large proportion, 
how large it would he difficult to say, are of low citric solubihty due 
to the use of fluorspar. It has been shown that the action of fluorspar 
results in the replacement of the calcium silicate in the phosphate 
compound of high soluble slags by calcium fluoride ( 19) and Bainbridge 
has demonstrated that the resulting slag phosphate consists largely 
of apatite (2). 

There are thus three types of slag available for agrioulturalpurposes : 

1. High grade containing 16-20 % phosphoric acid. Part of this 
supply consists of the rapidly diminishing remnants of the baaic 
Bessemer slags and the other part of the slags obtained from the 
basic open hearth process by fractionating before the addition of 
fluorspar. 

2. Open hearth basic slag containing 7 — 14 % phosphoric acid. 

3. Open hearth fluorspar basic slag containing 6 — 12 % of phos- 
phoric acid. 

Numbers 1 Mid 2 have a citric solubihty of 80-95 % whilst no. 3 
has a cilrio solubihty of from 6-60 %. 

Open hearth fluorspar basic sl^ is a new material oontfuning 
totally difierent phosphate compounds to those in nos. 1 and 2. It 
is not the type of basic slag which produced the remarkable results 
at Cockle Fiurk and elsewhere. Its value compared with such slags 
is unknown, and its low solubility suggests that it will prove less 
effective as a fertihser than the more soluble types. 
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The total production of basic slag, including in that tenn a\a^ otm- 
taining from 1 1 % tricalcium phosphate upwards, amounted to 680,000 
tons in 1920, but, if all slags below 22 % are excluded.to only 258,600. 
Of the totals a rery large proportion was fluorspar slag. In 1919 
there was a consumption of at least 560,000 tons and the demand is 
steadily increasing^. Whilst therefore the steel industry may continue 
to be a valuable source of insoluble phosphates for agricultural pur- 
poses, it is beooming increasingly evident that the supply can no 
longer keep pace with the demand and the agriculturist must turn 
to other sources of supply. 



ROCK OR MINERAL PHOSPHATES 

The increasing demand for basic phosphates can most readily be 
met by increeising the output of the apparently inexhaustible stores 
of rock or mineral phosphates and utili^ng these materials for direct 
apphcatioD. Unfortunately there are no extensive deposits In Great 
Britain' and there are not many sources of supply within the British 
Empire. (C!ollins in Chemical Fertiiiaera gives a map showing the 
distribution of the chief deposits of rock phosphates.) 

Broadly speaking the deposits may be divided into two types — 
the softer and woollier North African phosphate such as Gafsa, 
Egyptian and Algerian phosphates and the harder North American 
and Island phosphates such as Florida pebble, Carolina, Nauru Iskmd, 
and Ocetm Island phosphates. 

The deposits in the majority of cases are close to the surface and 
can be worked, and, in the case of the Island phosphates, transported 
to the shore and shipped at a comparatively low cost. Plates I and II. 

The North African phosphates are more soluble by the Winner 
test than the harder American phoaphatea (20). They apparently con- 
tain more calcium carbonate and less calcium fluoride combined in 
the phosphate compound than is the case with the American phos- 
phates tsi). It may therefore be just as important to distdi^iuish 
between these two types of rock phosphates as it is to distinguish 
between open hearth fluorspar basic slag and the open hearth basic 
slag produced without the use of fluorspeu*. 

Bock phosphates have the great advantage of a high phosphatio 
content, ranging in the case of the North African, the Island phos- 

' Middleton estimates our reqiiiremente of baaio elag at 891,000 tons per anrtua. 
* The depoaits of ooproKtea in Cambridge and Suffolk c»n no longer be woA»d 
eoonomioally. 
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phates and American phosphatea from 60-88 % of trlcalciiun phos- 
phate. Moreover, it has been shown(i4) that these phosphates are 
even more soluble in citric acid than the majority of. open hearth 
fluorspar basic sla^, and that they contain phosphate compounds 
which are in many respects similar to those in open hearth basic 

sl^S(20). 

It is thus a matter of great urgency to ascertain their precise 
manurial value, as it is no exaggeration to say that the future of 
agricultiuv and our national prosperity will be largely determined 
by the extent to which suitable phosphates can be supplied at a 
comparatively low cost. 

The problem is a big one, capable of attack from more than one 
point of view. Useful results are Ukely to be secured by investigating 
the efiect of climatic conditions, particularly rainfall, on the avail- 
abihty of the rock phosphates. The question of soil conditions is 
also of great importance in this connection. Bock phosphatea for 
example may prove a failure compared with superphosphate on a 
chalky soil under dry oonditions, whilst on a sour soO utd under a 
more himud climate the reverse may well be the ease. 
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REVIEW OF PREVIOUS EXPERIMENTS 

REVIEW OF POT EXPERIMENTS WITH 
INSOLUBLE PHOSPHATES 

In cnrder to ascertun with any d^ree of certainty the agricaltnral 
value of a Buggested fertiliser two types of ezpenments are necessary 
~7-pot experiments and field trials. Russell {SS) discussiQg the relative 
advantages of field and pot trials points out that as a general rule 
pot experiments are more accurate than field trials. The experimental 
oonditiona are more under control, and it is therefore possible to 
bring out small difierencee between materials which it might not be 
possible to secure under the conditions of a field trial. On the other 
hand, the conditions under which pot experiments are conducted are 
so artificial that a positive result is not always paralleled by a positive 
result in the field. Furthermore, though very considerable difference 
in the cropping power of the two materials may be shown by pot 
experiments, it by no means follows that the differences will be 
equally marked under field conditions. Whilst therefore pot experi- 
ments are of great value as a preliminary method of investigation, 
field experiments are always essential before any deductions can be 
made relative to the economic importance of the factor imder investi- 
gation. If they are to he of real value such field experiments must 
be carried out under varying climatic and soil conditions and on 
different types of soil, and an attempt be made to interpret the 
results in the light of such conditions. 

Dutton (6) during 1 912 conducted a series of pot experiments designed 
to ascertain the fertilising effect of that portion of the phosphoric 
acid in basic slag which is not soluble in citric acid, and came to the 
conclusion that such insoluble phosphate is active enough to feed a 
short-lived plant like mustard. 

Bainbridge (2), in a paper on "The Effect of Fluorspar Additions on 
the Phosphates in Basic Slag," describes a series of pot trials with 
barley, and shows that a very insoluble fluorspar stag possessing a 
citric solubility of only 6 %, when contrasted with a slag of 81 % 
solubility, gives a yield of 61 % compared with the high soluble sla^ 
yield of 100. These two experiments, although not conclusive, clearly 
indicate that even short-lived crops such as mustard and barley are 
capable of maldi^ considerable use of phosphates which are much 
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more ioaolable than those phosphates which are readily dissolved in 
dilute solations of citric acid. In view of these results it is reasonable 
to expect that promiaiug retoms would be secured from similar trials 
with le«s reeifitant mat^ials like rook phosphates. 

BorlisonO) made an elaborate series of pot experiments with sis 
typee of rook phosphate, the trials extending over a period of three 
and a half years and embracing the results from 700 pot cultures. 
It is difScoIt to interpret the exact meaning of these experiments in 
terms of basic slag or superphosphate as ndther of these forms of 
phosphatic fertjlisers was included in the trials. The results from 
this elaborate series are nevertheless of considerable interest as they 
show that the phosphates in rock phosphates, even of the hard re- 
Bistant type like Canadian Apatite, can be assimilated by farm crops 
in sand cultures under greenhouse conditions and in the absence of 
decaying orgfuiic matter. Three other conclusionB from his work are 
worth noting. Surlison found that the plants could obtain their 
calcimn as well as their phosphorus from rock phosphates, and that 
the addition of calcium carbonate to the rock pho^hates did not 
produce better results. An attempt was made to ascertain the effect 
of fineness of grinding on the availahiUty of such phosphates, (aid 
the work shows that better reeolts were secured by grinding beyond 
the '100' grade. Finally the author gives it as his opinion that 
t^ere is no particular relation between the citric acid, soluble phos- 
phoric acid and the availability of rock phosphates to the plant. 

These pot experiments, scanty and incomplete though they may 
be, agree in demonstrating that, under the conditions of the experi- 
ments, the insoluble phosphates in fluorspar basic slag and in took 
phosphates may have a very considerable agricultural value. 

REVIEW OP FIELD EXPERIMENTS 
WITH ROCK PHOSPHATES 

American Experiments. Although by no means exhaustive, a 
laige number of field experiments have been carried out with rock 
phosphates. The subject has perhaps received more attention in 
the United States than elsewhere. There considerable differences 
of opinion exist concerning the fertiUsing value of raw ground rock 
phosphates or 'fioats.' In the States the controversy centres roimd 
the relative value of ground rock phosphates (fioat«) and acid phos- 
phate (superphosphate) . Most of the American experiments, a detailed 
account of which is given by Hopkins(ii), are confined to this aspect 
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12 REVIEW OF PREVIOUS EXPERIMENTS 

of the queetion. Moreover many of the AmericaQ State experiments, 
e.g. Maine, MasBachusetts, and Rhode Island, compare the two phos- 
phates by applying equal money values, and it is obvious that such 
trials have only a limited value as far as the application of the resulte 
to this country is ooncemed. Moreover, changing economic conditions 
must seriously detract from the value of their apphcation to present 
day American practice. The Ohio, Illinois, and certain of the Massa- 
chufiettfi experiments compare equivalent quantities of the two forms 
of phosphate, alone and in combination with other manures. These 
experiments have extended through several rotations on daphcate, 
and in some oases tripHcate, plots. After an exhaustive review of 
the American experiments up to 1908 Hopkins draws the conclusion 
that rook phosphates are much the more economical type of phos- 
phate to use, uid that from the point of view of the permanent f ertihty 
of the soil they are much to be preferred to acid phosphates. 

A later review of the American experiments is given by Waggaman 
and WagnerOi}, covering the period up to 1917. These writeis give a 
table incorporating the results of 232 field experiments. Only 37 of 
these expeiiments extended over a period of five years or more. Their 
tabulation of these experiments is given in Table VI. 

In explanation of this table they give the following notes : 

Out of the 37 t«BtB given in Table VI, 22 were oarried on with a view to 
comparing the relative merita of raw rock and acid phosphates. The conditions 
under which such a compariBon was attempted varied greatly, hut it may 
be said that in a general way, 13 of these experiments, or S9-I %, gave crop 
yields as favourable to raw rock as to the more soluble form of phosphoric 
acid. Of the 9 experiments in wMoh raw rock did not compare favourably 
with aoid phosphate, 2 were conducted on fields unresponsive to phosphate 
treatments and 2 gave reeults which could be classed as either favourable or 
unfavourable, depending on the method of interpretation employed. 

Of the 16 experiments in which no comparison between raw ground rook and 
acid phosphate was attempted, 11, or 73'3 %, gave resulte strongly indicating 
b«iefioiaI etfect« from the appliaatioit of the former material, ^id 2 of the 
remaining 4 experiments were conducted on fields showing little or no responae 
to phosphate treatment. 

In 21 experiments the applications of raw rock were relatively U^t (2S0 lbs. 
or less per acre), yet 16 of these experiments, or 71-4%, showed distinctly 
favourable increases in yields on the fields treated with this materiaL 

In 16 experiments where the raw rock applications wwe more Uberal, 13, 
or 81-3 %, resulted favourably to raw rock phosphate, and the remaining 
3 experimMits were conducted on soils showing little or no response to phos- 
phate treatment. 

Raw rock phosphate was apphed in connection with organic matter in 23 
experiments. Out of this number, 18, or 7S-3 %, gave distinctly favourable 
results, and of the 6 remaining experiments 3 were conducted on fields un- 
responsive to other forms of phosphoric acid. 
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14 REVIEW OP PREVIOUS EXPERIMENTS 

la regard to the oumulative effect of raw ground pho«^hate rook it may be 
said that in 17 inatancea (46 % of the entire number of experiments) there 
was evidence of greater availability after raw rook had been applied for a 
number of years. In 13 out of the remaining 20 esperimenta the data are not 
sufficient to give evidence on this point, and in 4 out of the 7 caaee where no 
cumulative eSeot was shown the soils were not responsive to phosphate treat- 
ments. 

The same writera (quoted in the ScotUah Jowmal of Agnetdtwrt^) 
in a survey of the above ezpeiimeats oonolude that: 

To be efficaciouB aa a fertiliser rock phosphate must be spread evenly over 
the ground as a fine powder. The pree«ioe of decomposing orgwiio matter 
inoreaaes the efficacy, probably because of the greater bacterial activity [ov- 
duoed and the higher percentage of carbon dioxide given off. Fineness of 
tiie powder and the presence of organic matter together prolong the efficacy 
of raw phosphate rock for another year, or even more. On the other hand, 
as the action of superphosphate is more rapid than that of bone powder, 
basic slog and minend phosphates, it is probably preferable to any other 
phosphatlc fertiliser when the aim ia to obtain rapid growth of the plants 
cultivated. 

To obtain the best results with powdered rock phosphates, they must be 
applied in larger quantities than superphosphate. Whether it be best to apply 
rock phosphates in a soluble or insoluble form to produce the moat economical 
increase in yield depends on the nature of the soil, the cultural method, the 
price of the phosphates, the duration of the vegetative period, and other local 
factors. It is a question which, to a certain extent, must be solved by each 
farmer individually. 

French Experiments. Grsudeau, in the aeventh volume of his 
Etadea Agronomique, gives an account of French experiments with 
dissolved and undissolved phosphatee on potatoes, wheat and oats. 
The experiments are reviewed by Dyer(8), who records that " contrary 
to gener^y accepted theories (but conformably with results already 
arrived at in various parts of France) finely powdered mineral phos- 
phates have given yields as large as those of superphosphate — the 
soil being an extremely poor non-calcsreous one." 

English Experiments. The earUest experiment on the value of 
rock phosphates was that carried out by Dr Daubeny, on the turnip 
crop, with Spanish phosphorite (S), at the Botanic Gardens at Oxford. 
Very satisfactory returns were obtained from the Spanish phos- 
phorite, which, however, did shghtly better when treated with sul- 
phuric acid. In the same issue of the Journal Sir H. Vemey, Bart.(30) 
gives an account of his experiments on barley with this material. 
The experiments were carried out on a heavy sandy loam. In these 
trials Spanish phosphorite gave quite aa good results as superphosphate 

» July 1920, p. 367. 
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of lime, bnt in this instaooe also it was not so effective as ' Spamsh 
phosphorite and sulphuric acid.' 

Bt Jamieson^ reports two experiments, one conducted in Sussex 
and the other in Aberdeenshire, to test if basic slag reaUy acted as 
effectively as coprolites, both being used in the same state of division 
and in such quantities as gave equal proportions of phosphate. 
The reenlte were as follows: 

Wisroii G1.ASTERBXRRT 

(in Sussex) (im Aberdaenshird) 

tons ovts. tons owts. 

No phosphate ... 2S 17 6 16 

GoproUte 28 11 29 1 

Shg 28 11 28 11 

Superphosphate ... 30 7 24 19 

Commenting on these reeulte, Jamieson says : 

The Sussex eoil turned out to be too rioh to show distiootly the effect of 
any kind of phosphate, but the Aberdeenshire soil gave conolusivs proof. The 
resulting crops of turnips showed that slag aud coproUtes, id equal etat« of 
division, are practically idontioal in their efiecta on crojn. 

Gilchrist recordstiS) a series of four field trials on three years' ley 
to compare the value of Be^an and Tunisian phosphates with basic 
slags of varying solubilities. Two of the series give results very favour- 
able to Tunisian and Belgian phosphates. The third test, however, 
is not so favourable, and the fourth teat had to be abandoned owing 
to the failure of the 'clover take.' In the first of Gilchrist's three 
year tests Tunisian phosphate does not do so well as Belgian, a result 
which Gilchrist attributes to this phosphate not being so rich in lime. 
It is worthy of note that in the second test Gilchrist gets somewhat 
better results from Belgian phosphate that has been calcined. 

Oldershawde), working on a chalky boulder clay soil in Suffolk, 
found that on the hay crop, citric solubility was of great importance. 
Although low citric soluble slags and a Belgian rock phosphate effected 
a considerable improvement, the high soluble slag gave a much heavier 
hay crop than the rock phosphate or the low soluble sl^s. In dis- 
cussing his resnlts, Oldershaw makes the following observation, which 
is of considerable importance: "It is worthy of note that had all the 
plots been grazed and the results estimated by inspection only, the 
conclusion might easily have been drawn that Plots B (low soluble 
alag) w^re almost as good as Plots A (high soluble slag)." 

1 The Farmti'a Han^xok, p. 46. 
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Scottish Experiments. In BuUdin 10 of the North of Scotland 
College of Agrioaltnre details are given of an experiment extending 
over three years, and deseed to contrast the effect of superphosphate, 
bone meal, baaio slag, and ground Florida phosphate, with and with- 
out farmyard manmre, on tnmips and the two succeeding crops, barley 
and hay. In the series of plots comparing the four phosphates without 
the addition of ffurmyard manure, the American rock phosphate gives 
the poorest resnlt. It has approximately the same effect on the barley 
and bay crops as basic slag, but did not prove to be as effective on 
tnmips. 

On the other hand, where farmyard manure was given in addition 
to the various phosphates, Florida rock phosphate gave better results 
than any of the other phosphates, and the profit on the rock phos- 
phate plot is more than twice as great as on any of the others. It is 
difficult to draw conclusions concerning the relative efficiency of these 
phosphates when used with farmyard manure. No plot with farmyard 
manure alone was included in the series, and it might well have 
happened that farmyard manure alone would have given as good 
results as farmyard manure plus phosphate. 

Bussell(24), in "Notes on Manures" for Jan. 1920, gives a table 
summarising 67 experiments on the turnip crop in Scotland during 
1911-14 with various types of phosphates, including ground mineral 
phosphates. The results show that such pho^hates are very nearly 
equivalent to basic slag. It is not clear from this summary, however, 
how much of the gain, amounting to 6 or 7 tons, of the treated plots 
over the untreated is due to the apphoation of phosphoric acid, as 
the treated plots received in addition to the various types of phos- 
phates a dressing of sulphate of ammonia and potash salts. 

Welsh Experiments. Trials with basic slag, Gafsa rock phosphate, 
and superphosphate on Swedes were carried out by the University 
College of North Wales during the three seasons 1913-1915^ Each 
oi the phosphates was applied so as to supply 200 lbs. of phosphoric 
add per acre. The response to phosphoric acid is decided, and the 
results which are given below are of considetable value. 





AVIEAOE YULD 


Maitdbii 


(Syeare) 




totm tywta. 


None 


13 1 


Badcelag 


22 4 


OafiM 


21 8 


SuperphoBphate 


22 9 
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Commraitiiig on these figures the writer of the Bidletin says: 
Taking the average resiilta of the three years, the crop from, this plot (3] 
hae been about oae tOD per acre leaa than that from the bamo alag aad auper- 
phoepbftt© plots. Under normal conditions it is the cheapeet form of phoa- 
phatic manure, and, provided that it ie finely ground, it may be recommended 
for use in the wet climate of North Wales. It is, however, more likely to prove 
of general value for poor poatvires on peat or upland soils, than for swedes on 
ordinuy cultivated soils. Even an extra crop of one ton per acre of roots 
would more thtm cover the diflerenoe between the cost of suitable dressings 
of alag and mineral pboapbates. 

The above experiments with rock phosphates are by no means 
exhaustive, nor does this summary take account of all the countries 
where experimental work with such phosphates has been conducted. 
The Commonwealth Government of Austraha, for example, has 
offered a prize for the discovery of new phosphate deposits, and an 
account of some preliminary experiments with these materials in 
Western Australia is given by PatersoniiT). 

The field experiments which have been conducted in this country 
are not convincing, as they have failed to establish the value of rock 
phosphates in the same sense that the Cockle Park and similar experi- 
ments estabhshed the fertihsing value of basic slag. Moreover, no 
explanation has been forthcoming which satisfactorily aooount« for 
the favourable results secured at Wiston in Sussex and in Aberdeen- 
shire when compared with slag, and the imfavourable results at 
Saxmundham when compared with the same material. 

It is obvious that data from many more field experiments is neces- 
sary, and if the trials are to be really helpful, each experiment must 
cover a series of years, and an endeavour be made to correlate the 
results with climatio and soil conditions. 
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DiTsiNQthe'wiuteraof ldl6, 1916, IfilSand 191daBerieiiof mannrial 
expenments under the auspices of the East Anglian Inatitate of 
A^oaltnre were laid down on permanent grass-laud in Essex with 
the object of ascertaining: 

{1} the relative fertilising value of the various forms of rock phos- 
phate, the two types of open heurtii bamo slags, and 

(2) the extent to which the permanent grass on the heavy day 
soils could be profitably improved. 

The choice of grass as the experimental crop was influenced by the 
fact that it is on grass, whether reserved for hay or pasture, that the 
direct and indirect response to phosphates is most clearly felt. More- 
over, in Essex, out of a total area of 981,000 acres approximately 
300,000 are covered by permanent grass, and as a very large propor- 
tion of this acreage is of the poorest quality, its improvement is of 
considerable economic importance. 

CHARACTER OF THE SOU. 

Slightly over 600,000 acres, or about two-thirds of the county, is 
covered by soils belonging to the London Clay and Sonlder Clay 
formations. 

The London clay beds form part of the Lower Eocene formation, 
and in many parts reach a thickness of over 600 feet. It is a stiff 
bluish grey or brown clay. Below the London clay lies a thin bed 
of Thanet sands varying in thickness up to 60 feet. The Thanet sanda 
in turn rest upon an eroded surface of chalk. 

The boulder clay soils dominate the northern part of the county, 
and vary considerably in thicknees. Li the extreme north and north- 
west of the county the boulder clay rests immediately above the 
chalk which comes close to the surface (see Map facing p. 1). South of 
the line Bishop's Stortford — ^Thaxted — Twinstead, the boulder clay 
lies immediately above the London clay. It nevertheless contfuns 
a considerable admixture of chalk, sometimes up to 11 %, and it is 
only the extreme southerly and easterly portions that are wholly 
devoid of calcium carbonate. 

As a rule these heavy clay soils are very deficient in phosphoric 
acid, the London clays beit^; also deficient in calcium carbonate. 
Unless the early autumn is favourable great difficulty is experienced 
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Tablb VII. Analysis of thb Soils at thb ExpsniuBirrAij Cbntbb. 
Mechanio&l Gompoaition 
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* Moiatnre, combined mc»sture and oi^anic matter. 

f' Correotion made for moisture conteat of air dried soil. 
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in cultivating these soils. After rain the land r^nainfi sticky and wet 
for a long time, and it is only too often necessary to postpone the 
sowing of oats and wheat until the spring. During May and Jnne, 
which are dry months in Essex, the soil 'caps' and cracks, and the 
crops suffer severely from drought. 

An inspection of the graee-liuid shows that much of it is of the 
poorest quality. It is but rare that the permanent grass receives 
any manurial treatment, and when reserved for hay it is only in 
favourable years that it passes the ton to the acre level in the western 
and moiatcr part of the county, whilst in the eastern and drier part 
of the county crops of 7-16 cwts. of hay per acre are the mle, and it 
very frequently happens that the crop is not worth cutting said is 
fed off. 

For the purposes of the experiments soils of the boulder clay and 
London clay formations were selected. A detwled mechanical and 
chemical analysis of these soUs is given in Table VII. The soil at 
Homdon is a typical London Clay, that at Latchingdon is better 
described as a London clay-loam, whilst at Lamboume End the 
London Clay is covered by a thick matted turf which extends its 
influence to a depth of several inches. The soils at Tyaea Hill and 
Martin's Heame are typical heavy Boulder Clay soils lying immediately 
on top of the London clay. At Famham and Hassobury the boulder 
clay rests immediately on top of the chalk, which is about 6-8 feet 
below the surface at Pamham, and 2 feet below the surface at 
Hassobury. 

RAINFALL 

The rainfall records from the various lainfall Btations in the county 
show considerable fluctuations. If the county is divided into three 
equal portions by parallel lines running north and south, the most 
easterly portion might fairly be labelled the driest district in England, 
the average annual rainfall being approximately 20 inches. (For 
Shoebnr3mess the 36 years' average is 19-28 inches.) The middle 
portion of the county has an average annual rainfall of 23 to 24 inches, 
the 36 years' average for Chelmsford being 23-02 inches, for Bocking 
23-82, and for Earl's Colne 23-42 inches. The westerly portion of the 
county is considerably wetter, the average annual rainfall varying 
from 26 to 30 inches, and for most of the stations, for which only 
short records are available, the average is nearer the latter than 
the former figure. In the east of the county the low rainfall during 
the month of May and the warm drying weather which is usually 



,y Google 



THE ESSEX EXPERIMENTS 21 

experienced diies up the heavy soils, and imleas the aeaaon is particu- 
larly favooiable it is during this month that the growth of the hay 
crop is checked. The western part of the county has the benefit of 
from -6 to •& inch more rain during this month. Moreover the boulder 
clay, although a heavy soO, is not neariy so heavy as the London 
clay and does not 'cap' and crack so badly as the London clay 
during dry and warm spells of weather. 

DETAILS OF EXPERIMENTS 
The plote were all one-quarter of au acre in area, with the exception 
of those at Tyaea Kill Farm, which were one-fifth of an acre. Three 
types of basic slag have been used. Basic Bessemer ali^, basic open 
heuth slag without the addition of flnoispar, and basic open hearth 
slag with the addition of fluorspar. These basic slags have been com- 
pared with the following rook phosphates: Florida pebble, Florida 
soft, Tunisian, Algerian, Qafsa, Egyptian, Cambridge ooprolites, and 
a ferruginous Cleveland phosphate. The composition of these phos- 
phates ia given in Table VlLi. A more detailed analysis of many of 
these materials has been published dsewhere (4, 20). At two of the 

Table VlU. Pastui. Analysis 07 thb PHoapHATBS used nr thb 
Field ExPBBiMBKTa 
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experimental centree, namely Homdon and Hassoboiy, plots dressed 
with BUperphosphate, superphosphate and lime, and lime alone, have 
been included. With one or two exceptions the phosphat«a were sown 
during the period ^December to the end of February. Unless speci- 
fically mentioned the initial dressing given was equivalent to 200 lbs. 
of FjOg per acre, and no further dressings have since been applied. 
The hay crop was cut during the latter part of June and July, and the 
whole of the crop on each plot weighed immediately before stacking. 
In order to secure uniformity and accuracy the manures were sown, 
the hay crop cut, and weighed under the personal supervision of the 
writer. The necessary labour for weighing the crop on the experi- 
mental plots was brought direct from Chelmsford, and by such means 
interference in the usual routine of the farm during what is a busy 
season was minimised, and it was possible to keep the experiments 
under very effective control. 

FTET.T) EXPERIMENTS ON BOULDER CLAY SOILS 

Tysea Hill Fann. Ab far as can be ascertained this field has 
alwajm been nnder grass, and for at least thirty years prior to the 
laying down of the plots in 1916 had been ha^^ and grazed in 
alternate years. It is known that prior to 1915 thk field had received 
no treabnent with artificial manures whatever, although it may, 
many years ago, have received occasional dressings of farmyard 
manure. The soil is sour judged either by the lime requirement figure 
or the Ph. value. The results are given in Table IX and are sum- 
marised in Fig. 1. 

At Tysea Hill there was a rapid and marked response to the various 
phosphates. During the first season the Gafsa rook phosphate plot - 
was backward, but during the succeeding years was quite as good 
as any of the other plots on the field, and ov«r the period of the 
experiments the rock phosphate has proved quite as effective as the 
beet quality basic Bessemer slag. 

In the first year of the experiment there was an improvement in 
the quantity of clover present in the herbage on the treated plots, 
but at no period of the experiment was clover present to a very 
marked extent. Although during the last three seasons the untreated 
plots could be distinguished from the treated by the much smaller 
bulk of growth on them, there was never any striking difference 
between the amount of clover present on the untreated and treated 
plots. During the winter the untreated plots could always be dis- 
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tingmslied by their darker, reddish, nnhealthy appearance ; the treated 
plots being able to retain their healthy green colour throughout the 
whole winter. 



Table IX. Weight of Hat at Tzsba Hill ] 
Manures sown: December, 1916 





MANTntl 


Oitrio 


Hat (in owts. per acre) 


Plot 


BOlu- 












Average 
4yeaM 


i«s« 


200 lbs. P.0( per aore 


bility 
% 


1916 


1917 


1918 


1919 


1920 
















1916-19 


1 


Biwk Benemer dag ... 


920 


45-6 


28-2 


27-4 


22-4 


40-2 


30-9 


2 


Oafoa rook phosphate. . . 


383 


371 


30-0 


31-6 


23'2 


41-2 


30-6 


3 


No miuraie 




31-6 


20-4 


17-7 


11-6 


38-3 


20-3 


4 


Open hearth (flnOTapar) 
Open hM^ Im!^ al^ 


460 


47-3 


33-6 


29-1 


21-2 


46-4 


32-8 


fi 


93-4 


46-9 


33-9 


28-7 


21-7 


46-2 




6 


OpenhearA 

So niannie 


82-2 


40-1 


35-9 


297 


23-6 


421 


32-3 


7 


— 


34-6 


22-2 


19-8 


14-6 


46-6 


22-8 




100 nw.P,0. !"'•«>" 
















8 


Open heartli baaiii alag 


38-3 


42-6 


33'2 


298 


23-6 


48-3 


32-3 


9 


















(same as G) 


93-4 


452 


29-8 


32-3 


24-3 


44-8 


32-9 


10 


Open hearth (fluorspar) 


















46-0 


50-8 


31-2 


20-5 


21-7 


44-8 


33-3 




Average gain Plots 1,2. 
4. 5 and 6 over Hot 3 




% 


% 


% 


% 










37-3 


57-8 


661 


931 








Rainfall, Haj Ist till 


















harvest {in inohee]... 




5-94 


5-36 


4-47 


2-87 


9-34 






Plots out 




July 


July 


July 


July 


Aug. 








19 


12 


6 


9 


23 



























40 
30 
20 





12 3 4 5 6 

Via. 1. Yield ot Hay (average of 4 yeaia) from the various Phosphate Plots 

at Tysea HilL SoU Boulder olay. 

1, Untreated. 2, Ga^ look phosphate. 3, Basic Beesem^ slag. 4, Open hearth (fluor- 

■par) basic slag. 6, Open hearth high saL bado slag. 6, Open hearth lughsoL basic slag. 
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Equally good results it will be noted have been given by the lighter 
dressing of 100 lbs. of phosphoric acid over a period of five years, 
and it wonld appear that onder the soil and olimatiG conditions of 
this experiment nothing is to be gained by a heavier dreesing than 
that represented by 100 Iba. of phosphoric acid per acre. This result 
is interesting, as the soil is aa deficient in available phosphoric acid 
as that at Cockle Park, where the heavier dressing of 200 lbs. of 
phosphoric acid per acre proves much superior to the smaller dressing 
of 100 lbs. applied at more frequent intervals (13). 

The effectiveness of the various types of phosphates during the 
dry seasons of 1918 and 1919 is of considerable interest. The drier 
the season the greater has been the percentage increase due to 
phosphates. 

Martin's Heame Farm. The experimental field at this farm 
is only half a mile distant from that at Tysea Hill Farm. The soils 
on the two fields ate similar in appearance and in chemical composi- 
tion. The only noteworthy difference shown by the chemical analysis 
is the higher potash content of the soil at Martin's Heame Farm. As 
far as can be ascertained this meadow has been down to grass for 
at least ragbty years before the experiments began. During this 
period no artificial manure of any description has been applied, but 
the meadow has received during the past twenty years at intervals 
of seven to eight years a dressing of about ten loads of farmyard 
manure per acre. The herbage is of the poorest quafity, weeds such 
as Bunux acetoaa, Ceniaurea nigra, Stdiaria media and Sanunculua 
forming a very large proportitm of the herbage. 

The results of the experiment at Martin's Heame are shown in 
Table X and in Fig. 2. The improvement which followed the applica- 
tion of the various phosphates was even more notdoeable than at 
l^sea Hill. During 1917 a thick mat of wild white and red olov^ 
began to cover the various plots, and during 1918 it was so thick 
on some of the plots as to practically exclude the grasses. Hie 
appearance of plots 1, 2, 3 and 4 on June 3rd, 1918 is shown in 
Plates III and IV. During the first season (1917) the open hearth 
high soluble basic slag (plot 2) proved more effective than the 
finorspar slag or any of the rock phosphates. In 1918, however, the 
harvest was late, and the season on the whole moister. In this year 
all the rock phosphates gave results superior to that of the high 
soluble slag, the superiority of the Gafsa phosphate being quite 
distinctive. In the dry season of 1919, with an early cutting, the 
high soluble slag again proved the most effective, whilst in 1920, 
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-when the harvest was again late, and the season ezoeptiouaUy moist, 
the advantage waa once more with the rock phoE^hates. In each of 
the four years the open hearth (flaorspar) basic slag (plot 1) was 
considOTably lees efiectdve than the other types of phosphate. 

The dense growth of clover which cov^^ the plots in 1918 failed 
to make an appearance in 1919 and all the plots were practically 



Table X. Wbight of Hay at Mabtin's Hbahnb Fabh 
Manures sown: February 20th, 1917 











Hat (in owts. per 


acre) 




I-lot, 


Manubh 
200Ibe.P,O,P«rMre 


sohibility 
ctfphoe- 






















ATerage 
8 yeMB 






phate(%) 


1917 


1918 


1919 


1920 


1921 


1 


bMioslM 

Open beam bcudaalag ... 


20-1 


230 


28-6 


16-4 


28-4 


9-9 


21-3 


2 


91-2 


30-4 


33-4 


27-0 


31-9 


13-4 


27-2 


3 






14-3 


23-4 


1(W 


23-0 


9-4 




4 


G^Ba rook pboephate ... 
EgyptiMi rook phosphate 


38-6 


23-8 


38-6 


24-8 


3.'i-2 


15-6 


27-6 


5 


36-0 


22-8 


3BU 


219 


29-0 


10-8 


241 


6 


Algenan „ „ 




23-2 












A 


Farmyard manure* 


- 




- 


- 


40-3 


17-6 


- 






















harvest (in inohee] ... 




6-27 


n-61 


2-86 


8-37 


2-44 






Plotoout 


- 


.l«ly 


Atv- 


July 


Anp. 


.Inly 
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Fro. 2. Yield of Hay (average of 4 years) from the variouB Phosf^te Plots 

at Martii^s Heoroe. SoU Boulder clay. 

1, Untreated. 2, Open hearth (fluorspar) basio slag. 3, E^^tian phosphate. 

• - " ' a phosphate. 6, Open hearth (h^h aoL) btudo slag. 



4, Algerian phosphate. 5, Oafsa pi 
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destitute of clover. Daring the more favonrable Be&son of 1920 the 
olover reappeared towards the middle of June and, although it was 
not so detue as in 1918, it oonatitated about 30 % by weight of the 
crop (Table XXY). Throughout the whole of the winter the nntreated 
plot oould be picked out a mile away owing to the oontraat afforded 
by its dark, reddish, unhealthy colour compared with the healthy 
green of the treated plots. 

As at Tysea Hill, the effectiveness of the various phosphates during 
the dry seasons (1917 and 1919) is again very noticeable, the crop 
on the treated plots being about double that on the untreated. 

Hassobury — Bishop's Stortford. The experimental field at Has- 
Bobury has been down to grass for over 90 years. The soil, although 
classified as boulder clay, is of much lighter texture than the average 
boulder clay soil. At Hassobury it lies immediately above the chalk, 
which is only from two to four feet below the surface. (The photo- 
graph shown in Plate Y was teken standing in the ditch at the bottom 
of the field. The chalk can be clearly seen rising to within two to 
three feet from the surface.) The chemical uid mechanical composition 
of the soil, as will be seen by an examination of the data in Table VII, 
differs considerably from that of the two previous centres. At Hasso- 
bury the soil is comparatively well supplied with phosphoric acid and 
is noticeably poorer in potash. Althoi^^h so close to the chalk, the 
surface 9 inches of soil is sour, judged either by its lime requirement 
or ite Ph. value. 

The pasture is of very poor quahty, the bottom half of the plots 
being covered with a thick almost impenetrable thatoh of coarse 
grass. From three-quarters to the whole of Plots 13 to 18 are covered 
with a thick, matted growth, and it is only during favourable seasons, 
and towards the end of the season, that the clover plant seems to be 
able to poah ite way through in small scattered patohes consisting 
of a few plants. 

The meadow has been cut for hay practically every year owing 
to the difficulty of gettii^ water to the field, and the aftermath as 
a rule grazed chiefly by horses. 

At this centre a large number of rook phosphates were tried, each 
of them being apphed in two degrees of fineuees^. The weighte of 
hay on the various plote over a period of three years are given in 
Table XI. 

'^ The coarse grade -was gronnd aa fine as is usual in the mannfaotnta of super- 
pho^hate (90-96% to pass a *60' sieve). The finer grade was obtained by eettuig 
the GrifBn mill so as to grind as fine as possible. It is not possible to sieve finely 
ground Ntstfa African phosphates satisfactorily owing to their woolly nature. 
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It is obvious from the results presented in Table XI that some other 
factor than phosphoric acid is limiting the production of hay on this 
soil. Only in the dry year of 1919 was the response to the various 
types of phosphate in any way marked. Under such conditdons no 
useful purpose can be served by discussing the effect of the various 
phosphates. Any differences that may exist must be meaningless 
in view of the smallness of the response and the obvions variations 
in the soil. The soil on Plots 16, 16 and 17, for example, is considerably 
richer in phosphoric acid than the soil on Plots 1, 2 and 3. 



Tablb XI. Weight of Hay at HAsaoBXjEY 
Manures sown: January, 1917 



Plot 


Mandbb 


atric 

BohiMlily 


Hat (in owts. per acre) 


iaore 


200 lbs. P,0, per aore 


of phos- 


















phate (%) 


1917 


1918 


1919 


1 


Florida pebble phoaphate (fine) ... 


19-2 


19-5 


28-0 


15-7 


2 


„ (ooatae) 


18-2 


19-5 


260 


15-fl 


3 


Algerian phosphate (fine) 


35-7 


18-5 


27-8 


20-8 


4 


„ „ (coarse) 


33-4 


15-7 


27-6 


23-8 


5 


Baaia Beasemer alog 


90-3 


13-4 


261 


17-6 


6 


Untreated 






IM 


23-4 


10-9 


7 






41-4 


124 


26-8 


19-6 


8 


„ (coarse).. 




38-6 


12-1 


25-7 


19-4 


9 


Tuniaiait „ (fine) .. 




260 


12-2 


29-7* 


16-7 


10 


„ (coarse).. 




23-9 


10-7 


33-8f 


14-2 


U 


Egyptian „ (fine) .. 




370 


10-7 


350 


13-3 


12 


(coarse).. 




34-7 


110 


34-6 


13-7 


13 








14-3 


31-4 


131 


14 


(at the rate <^ 












60 lbs. of P.O. per aore) 




13-6 


32-8 


10-7 


15 














acr6) + 1 ton of ground lima per acre 




11-6 


341 


12-1 


16 


Untreated 




8-6 


26-2 


7-8 


17 


Open hearth high soL baric slag... 


91-2 


10-5 


34-3 


9-6 


18 


(fluorspar) baric slag 


20-1 


10-4 


31-6 


8-9 




Rainfall, May lat till harvest (in 












inches) ... ... 




4-82 


7-73 


0-68 




Plots out 


- 


July 7 


Aug. 1 


JnneI6 



* Plot 9 raked and half cooked. Plots 1-8 lying in tlie swathe. Hay-making 
intermpted by two days' rain, plots not being weighed till four days later. 
I Plots 10-18 inclurive rakea and cooked l^ore the rain. 

Famham Hall. The manures at this centre were not apphed until 
the end of February, 1917. The results for 1917, 1918, 1919 and 1920 
are given in Table XII. 
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Table XU. Weight of Hay at Fabnhah Hai.l 
Manures sown: Pebmary 22iid, 1917 



PtotB 

iftcre 


MiBUMI 

200 lb8. P,0, per acre 


CHtrio 
Bolnbility 
of phos- 
phate (%) 


Hat (in owta. per acre) 


1917 


1918 


1919 


1920 


1 

2 

3 
4 


OpeD hearth (fluonpar) 

Open hearth (highMlnbfe) 

Untreated 

Gafsa rook phoepbate . . . 


201 
91-2 
38-0 


26-8 

282 
24-2 
2S7 


6-3 

0-0 
4-9 
6-6 


7-2 

7-0 
7-9 
8-6 


9-8 

llfi 
111 
IM 




harvMt (in inohMi) 

PloUcut 


- 


3-86 
June 23 


2-97 
June 29 


1-73 
June 26 


264 
June 30 



Table XIII, Pbecbntaqb of Geouwd Spaob oooumbd by thb 

VaaBTATION ON THE PLOTS AT FaBNHAU HaLL: AogUSt, 1919 





Paknham (Bouldkb Cl4y Son.) 


Type of 


Plotl 

Open hearth 

badoslag 

{*ol«hility.20%) 


Plot 2 

Highciteio 

soluble basio slag 

(B0lubiUty,91%) 


Plot 3 

No 
manure 


Plot 4 
Gafaarook 
phosphate 


Cloven ... 

GtawM 

Weeds 

Bare apace 


27-1 % 
460 
16-0 
11-9 


50-2% 
33-3 
13-6 
30 


16-2 % 
18-4 
250 
40-4 


359% 
45-6 
10-6 
80 



Fia. 3. Percent^e of Oravind Space occupied by the V^etation at Fambun, 

August, 1919. Son Boulder clay. 
1, Open hearth (flnorspar) basic slag. 2, Open hearth high soluble bade slag. 

3, Untreated. 4, Gafsa rook phosphate. 
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In spite of the fact that the amount of aTailable phoephoric acid 
in this Boil is very low, the response to the various phosphates, judged 
hy the yield of hay, is inBignifioant. The improvement in the three 
treated plots was, however, obvious on walking over them. The clover 
bottom on the untreated plot was very patchy and a oonBiderable 
area of the plot was bare. Plots 1, 2 and 4 were covered with a thick 
bottom of wild white and red clover. In the earher yeara of the 
experiment Plot 2 had undoubtedly the better bottom, but was 
closely followed by Plot 4, which in 1920 was probably slightly the 
better plot. Plot 1 — open hearth fluorspar sU^ — was inferior to 
Plot 2 during the first three years of the experiment, but durii^ 
1920 this plot made considerable progress and was quite comparable 
with the other two treated plotfl. 

Ihuing August, 1 91 9, a determination of the ground space occupied 
by the various species on each of the four plote was made and the 
results set out in Table XIII and illustrated in f^g. 3. The high citric 
soluble slag has produced a vast improvement in the herbage, and 
it is quite clear from these comparative results that up till then it 
hod been the most effective phosphate. 

Although the meadow is an early one, being generally out daring 
the lost week in June or the first week in July, still it is somewhat 
surprising that the effect of the phosphate should be confined to 
stimulatiug the bottom growth and that the improvement so broi^ht 
about should have practically no effect on the yield. The results 
seemed to indicate that until some other requirement of the soil is 
satisfied the yield of hay will not be greatiy affected by the apphca- 
tion of phosphate. 



Discussion of the KsacxTs on the Bohldeb Clay Soiui 

At Tysea Hill and Martin's Heame the two types of soluble sl^, 
namely, the basic Bessemer and open hearth basic slag without 
fluor^etr, produce in equivalent quantities the same results. The 
open hearth fluorspar basic slag of 45 % citric solubility gives returns 
stiictiy comparable with the other two types of slog. The fluorspar 
slag of very low solubility (20 %) does not do so well and it is distinctly 
inferior at Martin's Heame (Table X) and Fomham (Table XIII) 
to the more soluble types of slag. The soils at the two centres — 
Martin's Heame and Tyaea Kill — are practically idaitical, and it 
would be reasonable to expect that the fluorspar elag of 45 % solu- 
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bility would have done equally well at Martrn's Heame snd vice versa; 
tiiat the slag of very low Bolnbility 20 % would have also given 
inferior results at Tysea Hill. The rook phosphates both at Martjn's 
Heame and Tysea Hill give oonsiBtentiy good results. On tfaia type 
ctf soil Gafsa rock phosphate may safdy be said to be equival^t 
to the better grades of basic dag. Ot^er North AMcan phosphatee, 
such as Egyptian and Algerian phosphate, are not far bel^d Gafsa 
phosphate in this respect. 

Although at Tysea Hill there is apparently no discernible difference 
between the vatious types of phosphate, yet on a very similar soil 
though slightly poorer in phosphoric acid, each as that at Martin's 
Heame, a study of the results reveals some important variataons in 
their action. During a moist season with a long growing period the 
rock phosphates are on the whole more effective than even the highest 
soluble basic slag. When the season is diy and the growing period 
consequently short the advantage is decidedly with the more highly 
soluble phosphate. 

Under the soil and climatic conditions existing at Martin's Heame, 
there is over a period of years nothing to choose between the effective- 
ness of rook phosphate and the best grades of basic slag for the im- 
provement of grass-land. The openhearthbasicslagsof 20% solubility 
or less, although they give good and proStable resulte, are clearly less 
effective even in favourable seasons than the high soluble types. 

The lack of response to phosphates at Famham and Hassobury 
indicates that phosphatee are not the most important manurial factor 
on &U the boulder clay soils in Essex, and that even where the soil 
is very deficient in available phosphoric acid as at Famham, a 
deficiency in some other constituent may prevent a profitable response 
to phosphatic manurii^;. 

FIELD EXPERIMENTS ON LONDON CLAY SOII^ 

Homdon-On-the-Hill, A 20 acre meadow which had been laid 
down to grass in or about the year 1890 was selected for these tri^. 
The BoU is a heavy, impervious London clay, known in Essex as 
three-horse laud and always put up in 7 ft. 6 in. atetohes so as 
to secure the maximum amount of surface draim^e. 

The field, fu do all the fields whether grass or arable on this type 
of soil, lies cold and wet during the autumn and winter, and unless 
there is a good natural slope and good under drainage, water stands 
in t^e furrows during tiie greater part of the winter and early spring. 
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Table XTV. Whoht of Hat at Obsat Muixiravies, 
hobitdon-on-thb-hlll 

Dreasing 200 lbs. P|Os per acre ouless otherwise stated 







Citrio 








Plot 




Bohibility 


Hay (in cwts. per acre) 


Manusk 


oftiie 










phosphate 


1918* 


1919 


1920 


A 


Nonunnre 


_ 


_ 




4-6 


B 


Cambridge ooprolites 


26-0 






lS-9 


C 


Lime at nte of 1 hm per sore ... 








(H) 


D 


Rough BiMt (double dreasing) . . . 








17-2 


1 


19-2 


142 




17-0 


2 


„ .. .. (ooMse) 


18-2 


13-7 




14-7 


3 




36-7 


14-7 




21-6 


4 


„ (ooane) ... 


33-4 


14-9 




19-7 


5 


Open hearth basic slag: high soL 


91-2 


18-8 




23-2 


« 


Nomanuie 




HI 


f 


6-4 


7 




38-6 


17-8 


22-3 


8 




38-e 


18-4 


-s 


22-2 


9 


Tunisian „ (fine) 


26-0 


17-9 


1 


23-2 


10 


(oowse) ... 


23-9 


19-2 


23-8 


II 


Egyptian „ (fine) 


370 


23'6 


S 


23-8 


12 


(coarse) ... 


34-7 


22-6 


1 


2S-I 


13 












acre) 




27-0 


^ 


23-0 


14 








1 






acre) 




26-9 


1 


12-3 


16 


per acre) — 1 Um of ground lime 






1 
1 






per acre 




23-4 


27-2 


16 






16-6 


s 


6-4 


17 


Open hearth bado'dag: bi^h boL" 


91-2 


22-fl 




28-8 


18 


(fluorspar) 


20-1 


18-8 




168 


19 


1 cwt forroua Hulphate per acre ... 




13-6 




64 


E 


Lime at rate of 1 ton per acre ... 








5-4 


F 


Cambridge ooprolites 


250 


— 




151 


G 


Bough slag 








10-4 


H 




195 






19-0 


K 


No manure 








BO 


L 




27-7 


- 




13-0 




Average gain. Plots 1 to 6 and 7 












to 13 and Ifi, 17 and IS, over 












p]obi6andie 








260% 




Rainfall. May lat tiU harvest (in 












inches) 




2-26 


1-78 1 


6-34 




Date of cutting 


- 


July 8 


- 


Aug. 16 



* Phosphates not applied till Feb. 27th. 
t Rainfall, May lat to June 30th. 
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The smnmer is equally trying on this type of soil. The dry and hot 
weather which ia nsaally experienced in Eesez in June and the latter 
part of Ifay ' capa ' or bakes the soil — the soil aete hard and cracks 
and the crops receive a check. It is but seldom that the crop of hay 
exceeds 10 cwts. to the acre, and it ia only too frequently left uncut 
altogether. The meadows which have recently been laid down contain 
a small reserve of calcium carbonate, a residuum from the heavy 
dressing of liunp chalk (40-60 tons per acre) fairly frequently applied ■ 
up to the edghties or nineties. 

The soil is exceedingly poor in both ' total * and ' available ' phf»- 
phorio acid, bat is well supplied with potash. 

Nineteen quarter-acre plots (1~19) were laid down on this field in 
1918, and the manures sown on February 27th, 1918. Suleeqaently 
Plots A, B, C, D, E, F, G, H and K were added and sown on February 
3rd, 1919, and finally Plot L was sown during Hay, 1919. 

The weights of hay on the various plots for the seasons 1918 uid 
1920 are given in Table XIV. 

In this experimrat an attempt was made to ascertain whether 
better effects could be obtained from rock phosphates by finer grinding. 
With this object in view the Florida pebble, Algerian, Gafsa, Tunisian 
fmd £^;yptian phosphates mentioned in the above tables were specially 
ground under the writer's supervision by Messra Walter Packard, of 
Ipswich. 

All the phosphates were passed through a Griffin mill. For coarse 
grinding the mill was set to grind for the standard usually adopted 
when the rock phosphates are used for the manufacture of super- 
phoaphates (90 % to pass a ' 60 ' sieve). In actual fact about 80 % 
of the material will pass the ' 100 ' sieve. For fine grinding the mill 
was closed down ao that the output per hour was reduced by a half. 
A much finer product was obtained, but it has not been practical, 
owing to the 'woolly' nature of the rock phosphates, to satisfactorily 
distinguish by means of sieves between the 'fine' and the 'coarse* 
grinding. During 1918nosuperioritydue to finegrindingwasnoticed. 

Throughout the whole season of 1920 the writer was able to visit 
this centre at least every week, and a close watch was kept on the 
progress of the various plots. The high soluble slag and the "super- 
phosphate and lime" plots were the first to make a start, followed by 
those plots receiving the finer ground rock phosphates. I>urLDg the 
whole of May the superiority of the plots receiving the finer ground 
rock phosphates over those receiving the same phosphate only more 
coarsely groimd could be distinctly seen. As the season progressed 
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the diBtinction became lees and lees visible, until at the banning 
of July it was quite impoesible to see any difierence. 

The high soluble basic slag. Plots 5 and 17, and Plot 15 (super 
and lime] were distinctly ahead during the whole season, but 
the rock phosphate plots graduiblly lessened the difference as 
the season progressed, although they never actually succeeded in 
catching up. 

The weights of hay for the season of 1920, which was particularly 
favourable to the hay crop, give some indication of the contrast 
which existed between the various phosphate plots and the untreated 
portions. 

It may be of interest to mention that only the plots were cut, and 
no attempt was made to harvest the rest of the field, as the crop was 
not considered to be worth the labour involved in doing so. 

When the wild white clover came into flower the contrast was 
remarkable. Plate VI, showing a general view down Plot K (un- 
treated) md Plot H (Cleveland phosphate), gives some idea of the 
contrast which met the eye. So thick wtm the crop of wUd white 
clover that the farmer decided to seed the plots. 

Plots 1-19 are strictly comparable, having been sown at t^e same 
time, and a useful oompaiiBon of the effectiveness of the various 
phosphates may be made from the respective yields of hay. 

There can be httle doubt that the highest soluble types of open 
hearth basic slag and basic superphosphate have proved the most 
effective phosphates at Eomdon. At the same time, however, some 
of the rock phosphates are nearly as effective. From June onwards, 
for example, it was always difficult to say which of the two. Plots 3 
or 6, was the better, although there was no doubt that Plot 3 was 
inferior to Plot 17, which is a duphoate of Plot 5, The hard American 
Florida pebble phosphate is inferior to the softer North African 
phtephates. The inferiority is not only apparent in the weights of 
hay, but is plainly to be seen on walking over the plots, a result 
which agrees with Tacke's conclusion*. 

No gain from fine grinding is apparent in the weights of hay, but 
an earlier start was undoubtedly made by the plots recdving the 
finer ground phosphate, and where a meadow is reserved for grazing it 
is possible that the extra cost of grinding would be well repaid. 

The open hearth fluorspar slag, after giving promising results 

during the first two years, proved a poor plot in 1920 when compared 

with the high soluble sl^. Plot 17, All the rock phosphate plots, 

1 IrOtr. Inst, of Agr. BiUlelin, September, 1913. 
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with the ezoeptiou of the two receiving Florida pebble, were much 
superior to the open hearth fluorspar basic slag. 

Flotfl C and E nnmistakeably show that lime without phosphate 
has little or no effect in improving this type of pasture. 

It is difficult to interpret the reeulta from Plots B, D, F, G, H 
and L in terms of the other plots. They were not sown until 1919, 
and the exceedingly dry season prevented a rapid response. As all 
the plots were grazed throughout this season, these particular plots 
would not receive the same benefit from the grazing as those Bown 
the year previously, which, at the beginning of the grazing period, 
were already covered with a (hick and close bottom of wild white 
clover. 

During the latter part of May, 1920, Plots B, D, F and H, at first 
backward, made rapid progress, and at harvest tome there seemed 
to be more heads of clover on some of these plots than on the majority 
of the others. Plate VI illustrates the appearance of Plot H in 
July, 1920. 

It hoB been quite obvious during the past two years that the light 
dressing of superphosphate on Plot 14 has not been effective. The 
improvement was much less than the weight of hay would appear 
to indicate, and dnring the seasons 1919 and 1920 Plot 14 looked 
very like an untreated plot. The heavy dressing of superphosphate 
on Plot 13 was much more effective. It was not, however, nearly so 
good as the high soluble slag plots or the " superphosphate and lime " 
plot. Sven on a soil of this character, very deficient in phosphoric 
acid and with a small reserve of calcium carbonate, an acid manure 
like superphosphate is not suitable. On Plot 15 the same dressing 
of superphosphate as on Plot 13, namely 200 lbs. PiOj per acre, plus 
one ton of lime per acre, were sown together. Under such circum- 
stances the reversion of the water soluble phosphate in the super- 
phosphate would be practically instantaneous!^) and the dressing 
would become a basic one comparable to the application of a dressing 
of basic superphosphate. It is of interest to note that Plot 16 gives 
results practically identical with those secured on the plots receiving 
the most soluble type of basic slag. A close observation was kept 
on Plots 15 and 17 throughout the 1920 season, and the only notice- 
able difference was the somewhat earlier start made by Plot 15. The 
difference in this respect was not great, probably not more than 
7 to 10 days, and had visits to the plots been less frequent, might 
have been entirely overlooked. 

During the season of 1919 the long drought lasting from the 
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Tablb XV. FxBCBNTAGB ov Gbound Spacb occupibd bt ths 
Veobtation on the Plots at Hoondon 





Analysis made: August, 1919 






Plot 


Manubk 


aover 


Grae 


Weeds 


Bare 


J«sr« 


(Dreasing 200 lbs. P,Oi pei acre) 


% 


% 


% 


T 


C 


Lime alone 


151 


34-6 


30O 


20-3 


1 


Florida pebble phosphate 


4flO 


30» 


13-3 


10-1 


3 




47-4 


301 


7-4 


151 


5 


Open hearth high soL bade slag ... 


44-1 


28-6 


13-7 


13-6 


6 


Untreated 


4-2 


14-8 


310 


tHH> 


8 


Gftfeaphomhat* 


41-3 


32-3 


17-6 


8-8 


9 


38-6 


36-9 


21-0 


3-6 


12 


Egyptian „ 


SS'S 


410 


0-7 


2-8 


13 


SupeFphoBphate(2001bfl.PiO, per acre) 


23-ft 


57-3 


0-7 


181 


14 


(50 Ibg. P,0, per acre) 


18-8 


25-3 


18-8 


371 


15 


I ton of lime per acre 












60-0 


32-7 


1-4 


6-9 


16 


Untreated 


9-4 


191 


260 


45-6 


17 


Open hearth high sol. baeio slag (same 












ftBforP!ot5) 


46-2 


47-2 


1-4 


5-2 


IS 














(low soluble) 


43'8 


31-8 


13-3 


111 


H 


aevelasd phosphate 


431 


33-3 


6-6 


180 



Fifl. 4. Percentage of Ground Space occupied by the Vegetatio 
AugDHt, 1019. Soil London clay. 
1, Honda pebble pbo^hate. 5, Baaio slag. 6, No manure. 8, Gafsa phosphate, 
12, EKTption phosphate. 13, Superphosphate heavy dressii^. 14, Supeqihospbate 
ligtatcGeasing. 16, Superphosphate and lime, Ifl, No manure. 17, Baaiodag. 18, Open 
hearth flnorapar basic slag. C, Lime. 

3—2 
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b^Siiuung of May until the third week in Jane made a hay crop out 
of the queation, and the plots were tiierefore grazed by cattle and 
Bheep daring the remainder of the season. The contrasts between 
several of the plots were, however, so great, that on the suggestion 
of Dr BoBseU a detailed examination of the ground space covered 
by the various types of vegetation was made on several of the plots, 
using the method recommended by Armstrong(i). 

The reeolte are set out in Table XY, and illustrated in Fig. i. 
Photographic representations of several of Uie plots are given in 
Plates Vn and Vin. 

The poverty of the untreated plots is difficult to describe, but some 
idea of their unproductiveness is afforded by Table XY, by Fig. 4 
and the lower figure on Plate YI. Amongst the weeds on the un- 
treated plots Hypochaeris radicata, L&mtodon hispidus, Banunculus, 
PruneUa vulgaris, PotentiUa reptaju, Bellio perennia and PlatUago 
lanceolaia are prominent, and amongst t^e grasses Holcua lanaHte, 
Hordeum pratense, Agrostia wdgaria, Cynosurus cristatua, Lolium 
perenne are also prominent, whilst traces of Daetjflis glomerata, 
Phieum pratense and Ahpecwrus pratenais can be found. 

The transfonoation which has been brought about by the various 
phosphates is remarkable. Weeds have been largely crowded out and 
the bare space reduced in some oases to vanishing point. On the 
untreated plots the crop was left practically untouched, whilst on 
the plots rec^ving phosphates the growth had been grazed to the 
ground, and even the clover runners were being eaten by the sheep. 
The contrast remained equally striking right through the whole 
winter. The untreated plot was dearly defined by its dark unhealthy 
appearance and the black heads of the uncropped crested dog's tail. 
On the plots receiving phosphates the mat of wild white clover 
runners remained green throughout the whole winter, and continued 
to afEord feed for the stock wintered on the meadow. 

The botanical examination of the fiora reveals differences between 
the various phosphates which do not appear so prominently in 
the yields of hay. Whilst the various basic phosphatee show but 
small differences, the three plots receiving superphosphate show 
significant contrasts. A very decided improvement has followed the 
heavy dressing of superphosphate, but ^e small dressing of 50 lbs. 
of P3O5 in the form of superphosphate has had httle effect. The 
addition of lime at the rate of 1 ton per acre, sown immediately the 
superphosphate had passed through the drill, produces an effect which 
affords a signifioant confxast with the same dressing of superphosphate 
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applied alone. Superphosphate alone has had most ^tect on the 
grasses, whilst superphosphate and lime together — basic superphos- 
phate — ^has told mostly on the clovers. 

Armstrong's method of interpreting the results fails to bring out 
any marked distinction between the types of basic phosphates. It 
merely demonstrates that the improvement in quahty is approxi- 
mately the same. When the plots are left for hay the differences 
between the phosphates are reflected in the hay yields, but when the 
plots are grazed or when the growth is short inspection of the plots 
gives the impression that there is little to choose between them. 
This difficulty in interpreting results under such conditions is also 
noted by Oldershawtie). 

Butterfields, Latchingdon. ThesoilatLatohingdonianot so heavy 
as that at Homdon, containing only 16-5 % of clay, against 30 % 
at the latter centre. The soil would be bett^' described as a clay 
loam, resting on a stiff London clay subsoil. In other respects it is 
very similar to Homdon. It is very poor in both total and avulable 
phosphoric acid, but contains a smaU reserve of calcium carbonate. 
Eight years before the commencement of the ezperimento in 1915, 
the experimental field had received a small dressing of about 4-5 owts. 
of basic slag per acre — a dressing which probably accounts for the 
comparatively high proportion of citric soluble phosphoric acid to 
total at this centre (Table YII). 

The meadow, however, was in an exceedingly poor condition when 
the experimento began, and it is evident from the response to the 
various phosphates that the effect of the small dressing applied 
13 years ago was practjoally exhausted. 

The plots have been cut every year, and the hay crop wdghed. 
The figures are set out in Table XYI and the results are shown 
diagrammatically in Hg. 5. 

The %nres in Table XVI give some idea of the remarkable response 
to the various phosphates. The improvement in the quality of the 
herbage was equally marked. During the seasons 1916, 1917 and 
1918 the treated plots contained a dense and vigorous growth of 
clover. The open hearth fluorspar sUig was quite as effective in this 
respect, daring the initial stages of the experiment, as any of the high 
soluble slags, and was in fact superior to either of the two open 
hearth high soluble basic slags on Plots 6 and 6. It has already been 
pointed out that it was not until the second year that the yellow 
suckliog clover and bird's foot trefoil, which formed the natural 
leguminous flora of the untreated plot, were replaced on Plot 2 (Oafsa 
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phosphate) by a bottom of wild white cloTer comparable to that 
on the other plote. Dniing 1919 and 1920, and to a certain extent 
during 1918, it was noticeable that the open hearth fluorspar slag 
on Plot 4 was not doing quite so well as some of the other slags, and 
the weights of hay for these years confirm this opinion. The inferiority 
of both the Gafsa phosphate and the open hearth fluorspar slag plots 
during the dry season of 1919 was also obvious to the eye. 

The behaviour of the clover was the outstanding difference between 
this centre and Homdon. Whereas at Homdon the clover runners 
ramified over the whole of the plots receiving basic phosphates and 
persisted throi^^out t^e whole winter, at Latchingdon the clover 
seldom made its appearance before the end of May or the be^;inning 
of June, and seemed to vanish completely from the plots by the end 



Table XVll. Pescbntaqe off the Geound Spaob oooupied by 

THE VeQBTATION ON THE PLOTS AT BdTTEBFIELDS, LaTGHDTODON 



J^*?* 


PlotI 
Basic Beaaemet slag 


Plots 
No manure 


Plot 4 
Opea hearth 

(fluorspar) bario slag 


Clovera 

Grosses 

Weeds 

Bare space 


181% 
S6-2 
0-0 
25-7 


i-fl 

491 


22-2% 
42i 
0-0 
36-4 



of October. During the dry season of 1919 the clover bottom on 
the treated plots, although vastly superior to the unmanured plot, 
was much inferior to what it had been during previous years, or 
during the following year 1920. Not tUl the rain came at the end of 
Jime in 1919 did the clover make any real show, and had the plots 
been cut early in July as was intended there would have been httle, 
if any, clover in the hay. 

The examination of the flora covering the ground space of Plots 1, 
3 and 4 was made during the third week of September 1919, and the 
results are given in Table XVII. 

As far as the composition of the herbage is concerned, the open 
hearth (fluorspar) basic slag compares very favourably with the basic 
Bessemer slag, and both are greatly superior to the untreated plot. 

Butcher's Fann, Lambourne End. These trials were not com- 
menced until 1919, the nuinures being sown on January 4th, 1919. 
The writer had been offered a supply of a new 'ferruginous 
phosphate' recently diBcovered in Cleveland (N.B. of Yorkshire), 
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and, through the comteay of Dr Stead, a small quantity of two open 
hearth slags from the same Steel Works, bat of widedy different 
solubilities. 

It was therefore decided to start a new experimental centre io 
order that a fair comparison between the different phosphates might 
be secured. The size of the plots was one-quarter acre, and the usual 
dressing of 200 lbs. PgO, per acre was given of the various phosphates. 
The plots have received no further treatment. 

Table XVIII. Wbioht of Hat at Botchbr's Fabm, 

Lahboubnb End 

Manures sown: January 4th, 1919 



Plot 


200 lbs. PjOj per acre 


atrio 
Bolublhty 
of the phos- 
phate (%) 


Hay (in cwta. per acre) 


1919 


1920 


1921 


Average 
Syeaia 


8« 


Open hearth (fluorepw) base aleg ... 

(^n hearth basic dag 

Nomsnore 

Open hearth (fluoiepor) basic dag 

(Wigan) 

Open hearth basic slag (Wigan) ... 
Clereland phosphate 


25 
20 
91 

35 
18 
24 

32 
80 
19 


25-0 
26-6 
24-5 
13-2 
IB-0 
16-9 
19-0 

16-0 
23-7 
19» 


32-3 
34-7 
36-2 
21-4 
34-4 
37-8 
38-1 

34-1 
38-0 
38-9 


33-3 
38-B 
310 
18-4 
27-4 
30-5 
34-0 

29-4 
28'5 
34-4 


30-2 
33-3 
30-6 
17-7 
26-6 
28-4 
30-3 

26-5 
30-1 
311 




Rainfall, May let tiU harreet (in ioe.) 
Date of cutting ... 


= 


3-08 

... 


6-27 


2-44 
June 
25 





• Plots 7 and 8 = jjTg of an acre. 

The condition of the meadow wae very different from that of the 
other centres. Instead of a bare open surface as at Homdon, the 
surface was covered with a thick matted torf. Down to a depth of 
about 12 inches the soil was of a fibrous peaty character, and although 
it rested on a London clay Bub-soil, the first 9 or 12 inches of soil 
resembled a sour peat soil. Scarcely a trace of l^uminous plants 
has been visible on the untreated plot throughout, the hay consisting 
largely of water grasses and the type of weeds characteristic of sour 
soils. 

The soil, as will be seen in Table YII, was very deficient in total 
and available phosphoric acid, it contained no calcium carbonate. 
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had the high lime leqoirement of -46 %, and was highly chained 
with organic matter. 

The results are given in Table XVIII. 

Although there are considerable differences between the effect of 
the yarious phosphates at this centre during the dry season of 1010, 
there are no decided indications that high citric soIubiUty has been 
of any great importance. The noticeable difference between the returns 
from the two types of open hearth fluorspar basic slag (Plots 1 and 7) 
is somewhat surprising, especially as it is the more soluble of the 
two slags which gives the poorer result. It has, however, been pointed 
out (16) that a modification of the solubihty test, so that Igm. instead 
of 5 gms. of the phosphate is used in performing the test, reverses the 
.order of solubility of ibeae two slags. The slag on Plot 1 becomes 
60-6 % soluble whilst that on Plot 7 is only 37-7 % soluble. Difference 
in the nature of the phosphates in the two slags is evidently in this 
case of greater importance than any question of solubihty by the 
Wagner citric acid test. 

Bniii^ the dry season of 1919 clover was practically absent from 
these plots, and it was not until May of 1920 that it began to foroe 
its way through the ULatted turf on the treated plots. In June the 
prt^press made was remarkable, and by the end of the month the 
treated plots were covered with a thick and vigorous growth of red 
and white clover, which over large areas practically precluded the 
growth of any other type of vegetation (Table XXVIII). The clover 
on Plot 2 (high soluble slag) made better progress than tliat on Plot 1 
(low soluble slag), imd on the whole the high soluble slag was the 
better of the two. The difference was noticeable at the b^inning 
of the season, but towards the end it became less and less visible. 
Throi^out the whole season Plot 7 (open hearth fluorspar basic 
sl^) was much inferior to any of the other plots, and it was rather 
surprising to find it weigh out so heavily. The Cleveland phosphate 
plot was perhaps the best plot on the field, although the superiority 
was not great. The Florida pebble phosphate was slow in makii^ a 
start, but this plot made rapid progress tmd was ultdmatoly one of 
the best plots on the field. 

In spite of the dry season the 1921 hay crop was quite a heavy 
one, whereas at Martin's Heame, only a short distance away, the crop 
was practically a failure (Table X). The contrast is probably due to 
the difference in the soils. The heavy soil at Martin's Heame 'bakes 
and cracks ' during a hot and dry spdl (rf weather, and under such 
circumstuices it is likely that the greater part of the heavy fall of 
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rain on May 26tli ( 1 inch) was lost by Bwf ace drainage. At Lamboome 
End the soil is not heavy and ite peaty character no doubt enabled 
it to retain a mnoh greater proportion of the rain which fell on the 26th. 
Over a period of three years the heaviest average crop of hay has 
come from the plot receiving open hearth (fluorspar) basic sla^ of 
20 % solubility — the slag which has given comparatively poor rrauHs 
at other centres (Martin's Heame, Table X, and Homdon, Table XTV). 
As if to emphasise the peculiarity the next best return is given by 
the least soluble of the mineral phosphates used in the experiments. 
At Lamboume End citric solubility is clearly of minor importance 
and the difference in the behaviour of the open hearth (fluorspar) 
basic slag (Plot 1) at this centre and at Martin's Heame is probably 
accounted for by soil conditions. The Lamboume End soil has a 
much higher lime requirement figure (-45 % compared with -27 % 
at Martin's Heame) but it is by no means certain that this difference 
alone suffices to explain the results. 

DiSCTTSSION OF THE BB8ni.T8 ON THE LoNDON CLAT SOILS 

At all the centres on the London clay formation there has been 
a marked response to phosphates. The effect of the manures on the 
whole is even more striking than on the boulder clay soils. Differ- 
ences between the relative efficiency of the various phosphates have 
been noticeable. Where the pasture has been down for many years, 
and where as a consequence b^ stores of oi^anic matter have 
accumulated and the soil has a h^ 'lime requiremrait,' and where 
the rainfall is adequate, then rock phosphates prove quite as efficient 
as the beet grades of basic slag. Under these conditions open hearth 
(fluorspar) basic slags do not give consistent results. One type of 
opai hearth fluorspar sli^ of very low solubiUty proves quite as 
efficient as the highest citric soluble type of slt^, whilst another 
open hearth fluorspar slag, apparently more soluble than the former 
one, proves decidedly inf^or. 

Where the pasture is comparatively new (30 years or so), where 
the summer rainfall is low, and where a small reserve of calcium 
carbonate still exists in the soil, the best results are secured by the 
highest citric soluble types of basic slag. The improvement effected 
by the best grades of basic slag is, however, closely approximated 
to by the North African rook phosphates. In fact in some years, 
noticeably at Latchingdon, rock phosphates may do considerably 
better than the best grades of basic sk^ (Table XVI). 
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The open hearth fluorspar slag of 45 % solubility on the average 
of five years seems to be quite as effective at Latchingdon as the 
most soluble types of slag, although it seems to be somewhat less 
effective during the fourth and fifth years of the experiment. 

The low soluble open hearth fluorspeir slag (20% soluble), although 
it gave promise of good results at Homdon during the first two 
seasons, teU far behbid during the favourable season of 1920, and 
proved to be ioferior to the more insoluble types of rock phosphate. 
This slag also proved less effective on the boulder clay soil at Martin's 
Heame (Table X). It is not suggested that this slag is of httle value. 
On the contrary the improvement effected is really very marked in 
all cases, and only suffers by comparison with the other phosphates. 

FIELD EXPERIMENTS ON CHALK SOILS 

Wendens, Saffron Walden. The lower photc^raph on Plate VII 
illustrates the character of the soil at this centre. The chalk is covered 
by a thin layer of boulder clay soil, mixed with a large proportion 
of chalk. The first nine inches of soil at Wendens contains upwards 
of 36 % of chalk. It ia naturally comparatively rich in phosphates, 
and although the available phosphoric acid figure is low (Table VII) 
this is no doubt due to the calcium carbonate neutralising the citric 
acid. This type of soil dries out quickly. It therefore makes an early 
start in the spring, and the meadow hay is always ready to cut during 
the second or third week of June. In this respect, therefore, the 
conditions m« somewhat different from those at the other experi- 
mental centres, which fure known as late meadows and which are 
not harvested before the second week of July. 

The experimental fidd at Wendens was allowed to fall out of 
cultivation about 26 years ago. No seeds of any description were 
sown, and the meadow is therefore a natural one. The general practice 
has been to cut the field every year for hay, and to fold the aftermath 
with sheep. The pasture is of a much superior type to that on any 
of the other experimental centres. The same phosphates were used 
at this centre as at Latchingdon and Tyaea Hill Farm. The weighta 
of hay for the five years 1016-1020 are given in Table XIX, and 
are represented diagnimmatically in Fig. 6. 

The results at this centre are of considerable interest because they 
show that even on an early meadow the more insoluble types of 
phosphate, such aa those represented by rock phosphates and the 
better types of open hef^h (fluorspar) basic slag, are capable of 
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Table XIX. Wsioht of Hay at Wendbks, Saffeon Waldbn 
Manures sown: January, 1916 



Plot 


Hanubii 


atrio 

solnbiUtj 


Hay (in owt«. per acre) 














iwre 


200 lbs. P.O. per «re 


rf phos- 
phate {%) 


1916 


1917 


1918 


1919 


1920 


Average 
5 yean 


1 


Bsdo Bessemer slag ... 


92-0 


tW-B 


30-4 


42-6 


23-4 


39-S 


40-9 


2 




38-3 


Ha-H 


31-fi 


39-7 


20-7 


38-2 


381 


3 






fil2 


25-4 








30-4 


4 




460 


ft4-fi 


3B1 


423 


17-7 


3it-7 


39-9 


S 


Open hearth baedo slag 

{tigh80lubk).(l) ... 


93-4 


64-8 


34-4 


36-7 


16-9 


36-7 


365 




















(kgh soluble), (2) ... 


82-2 


60-3 


40-4 


4?-6 


17-8 


341 


39-2 




Averoge increase of 


















Plota 1. 2. 4, 5 and 6 


















o-rerPlota 




21 ■« 


3«() 


21 -ft 


33-fi 


32-2 






Rainfall, Uay Ist till 


















harvest (in inches) ... 




400 


400* 


2-44 0-63 


2-42 






Plots out ... ... 




.Inne 


.Inne 


June June 


June 










17 


16 


29 19 


22 





• 2-3 inchea (ell on May 20th. 



3 




2 




6 




4 




1 


so 

40 
30 
20 

10 


1 
1. 

1 



Fio. 6. Yield f£ Haj (average of 5 jeora) few the various 

Pho^ate Plots at Wendens, Saffron Walden. Soil Chalk. 

t. Untreated. 2, Gafsa rock phosphate. 6, Open hearth (high soluble) bade bIe^. 

4, Open hetu^ {high soluble) basic dug. 1, Basic Bessemer slag. 
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giving returns comparable to those obtained by the use of the old 
basic Bessemer slag. The explanation probably rests on the foot that 
rainfall is the most important limiting factor on this type of soil. (It 
will be observed that the hay crop varies from 14*3 cwts. per acre 
in the dry season of 1919 to 51-2 cwts. during the favourable season 
of 1916.) Shortage of phosphate is possibly the second limiting factor, 
and the original dressing applied is more than is essential. 

Conclusions drawn fboh the Ftbld Exfebiuents 

With two exceptions the field experimeoite show a marked response 
to phosphates, "nie failure at Hassobury is probably partly due to 
the fact that the soil is comparatively rich in phosphoric acid, and 
partly to the fact tJiat it is very much poorer in potash than the soil 
at those centres where a response to phosphates was seciued. The 
failure at Pamham is not due to the soil being well supphed in 
phosphoric acid, but to a deficiency in some other factor. 

If the centres where a definite response has been secured are con- 
sidered, it is quite apparent that good results can be expected on 
both the London clay and boulder clay soils from the various types 
of rook phosphates, and that, considered over a period of four or 
five years, it is reasonable to expect these phosphates to give resulta 
approximately equivalent to those secured from the high citric soluble 
types of bf^ic sl^. Seasonal differences have, however, been apparent 
which surest that the rock phosphates require a considerably higher 
rainfall to produce the maximum effect than is the case with the high 
soluble slags. These differences are clearly apparent at Martin's 
Eeame, Latchingdon and liamboume End. The seasons 1917 and 

1919 were dry, or comparatively so, whilst those of 1916, 1918, and 

1920 were moist. If the results for the two dry years on the high 
soluble slag plot and the Gafsa rock phosphate plot, and the corre- 
sponding results from the moist season, are compared as is done in 
Table XX the influence of the season on the availability of the rock 
phosphates will be seen to be very pronounced. 

During dry seasons high soluble basic slag gives considerably better 
results both at Martin's Heame and at Latchingdon. Latchingdon 
is in the eastern and drier portion of the county, whilst Martin's 
Heame is in the western and moister section, and it is of interest to 
note that, as might be expected, the advantf^e of the high solnble 
slag over the Gafsa rook phosphate is greater at Latchingdon than 
at Mfutin's Heame. 
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The relative positioii of the two typee of phosphate daring the 
wet seoBons is curious. At Martin's Heame the rook phosphate has 
a decided advantage. It also does a trifle better at Latchingdon, but 
the advant^e is so small as to be well within the limits of experi- 
mental error. 

The results at Lambotune End (Table XVIII) for the dry season 
of Idldand the moist season of 1920 fully bear out the results recorded 
above. 

The soil at Martin's Heame has considerably more organic matter 
in it than the soil at Latchingdon. Moreover it is a 'sour' soil, with 
a Ume requirement of '27 %, whilst the soil at Latchingdon has a 

Tabus XX. Effbot of Rainfall on thb Availabilit7 
or Rook Phosmutss 



aoluble 

batic elag 



Average in- 
oreaae dne 
to solubiUty 



rainfaU 

Ma7 Ist 

till harreBt 

(inobee) 



require- 



Dry seasoDs, 1017 and 1919. 



Martin-B Heame 


.. 1 24-3 1 
.. 1 23-7 1 


28-7 
301 


1 *■* 1 
1 fl-4 1 


4-06 
3-74 


■27 
■03 


Hartin'a Heame 


Moist seasons 
..] 29-7 1 


1916, 

32-6 

28-9 


1918 and 1920. 
1 -4-3 1 
1 -0-8 I 


8-92 
609 


■27 
■03 



small reserve of calcium carbonate and has only a n^ligible lime 
requirement. It would seem therefore that, on 'sour' soils well sup- 
pUed with organic matter and situated in districte with a moderately 
high rainfall, rock phosphates may give even superior results to 
those secured from basic slag. 

In Table XXI the average returns from rock phosphates and basic 
Bessemer slag on the ' sour ' soils are contrasted with the corresponding 
results from those centres where the soil is 'sweet,' that is, has a 
reserve of calcium carbonate and no lime requirement. 

The differences, although smaU, are probably reiki. The figures for 
Martin's Heame, for example, are compiled from four rock phosphate 
plots over a period of four years, for Lamboume End from five rock 
phosphate plots over a period of two years, and two high soluble 
slf^ over a similar period. Those for Latchingdon and Saffron Waldea 
represent one rock phosphate plot and one basic Bessemer slag plot 
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over a period of five years, whilst at Homdon the results are made 
np from ten rook phosphate plots and two open hearth high soluble 
basic slag plots for a period of two yefirs. 

Table XXI. Comfasison of Rbsui^ts ok Soxjb and Sw&bt 8011.S 



c„» 


LInu 

Htl 

% 


Pb. 
nln* 


Bock 

cwla.|>ei 


ClrtipM 


SouraoiU: 










TvEiea HiU ... 
Utertm'B Heame 
LamboameEnd 


0-29 
0-27 
0-46 


6-7 
61 


30-6 
28-8 
28-0 


30-fl 
30-7* 
30-6* 


Average 


-_ 




291 


30-7 


Sweet toiU: 










Latehingdon ... 
SaffronWalden 
Homdon 


0-03 
000 
0-00 


7-8 
7-7 


27-3 
38-1 
19-S 


29-4 
W-9 
23-4* 


Average 


- 




28-3 


31-2 



* Open hearth high soluble bade slags. 

The results shown in Table XXI, although they do not agree with 
those secured by Pfeiffer^, yet demonstrate tliat rook phosphates 
compare more favourably wil^ basic slag on 'sour' soils than on 
chalky soite. 

Had the seasons of 1917 and 1919 been as favourable as those of 
1916, 1918 and 1920, it is probable that the contrast would have been 
more marked. 

Open hearth fluorspiu: basic slags are very uno^t^n in their action. 
The improvement effected by their apphcatdons has in every instance 
been considerable, but the lower soluble types have undoubtedly 
proved to be less effective than either the high soluble slags or the rock 
phosphates. At only one experimental centre (Lamboume End) has 
the open hearth fluorspar slag of 20 % solubility given results com- 
parable with the high soluble slag. The open hearth slag of 46 % 
solubihty has proved quite as effective as the best grades of slag and 
rock phosphates. On the other hand, an open hearth sls^ of 30 % 
solubility has given at Lamboome End inferior results to a similar 
slag of 20 % solubihty. The relation of citric solubility to the value 
of the phosphate has been discussed elsewhere (iB). 

1 Pfeifier is quoted in the Inter. /tuC. 0/ Agrie. Bvlktin, September, 1913, p. 1316, 
aa follows; "on sour soils and on peat mow soils crude earthy phosphates (Algerian, 
Oafsa, eto.} do better than basio slag." 
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Thb Appuoabilit; of thb Bssults 

It mnet be borne in mind when considering these experiments that 
the nunfall conditions in Essex are not favourable to insoluble phos- 
phate. In view, therefore, of the fact that rock phosphates have 
proved, even under unfavourable conditions, to be but httle inf^or 
to the best grades of basic slag, it seems fair to conclude that the 
results detailed here are applicable to the heavy clay pasture and 
meadow land which cover large areas in this country. 

The imprrasion gained from close observation of the various experi- 
ments over a period of five years leads to the conclusion that rock 
phosphates are slower in their action during the spring and early 
summer, but if the crop continues to grow until the latter end of 
July this disadvantage disappears. If, however, the harvest is early, 
tiie advantage is with the higher soluble phosphate. It is probable, 
therefore, that for root crops where the growing period continues 
well into the autmnn, rock phosphates will prove almost as effective 
as the best grad^ of basic slag^, and in the northern and western 
parte of the country, where the com harvest is late and the rainfall 
high, rook phosphates of the North African type may reasonably be 
expected to prove a suitable substitute for the high grade basic slags 
of the past. 

1 Journal DepartmejU of Agric andTtek. IntUtvie /or Inlatid, Jan. 1917. 
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AN INVESTIGATION INTO THE REASON 

WHY BASIC PHOSPHATES HAVE CAUSED 

INCREASED YIELDS 



THE EFFECT OF PHOSPHATES ON THE BOTANICAL 
COMPOSITION OP THE HERBAGE 

MrooLBTON (1 5) in his paper on " The Improvement of Poor Pastures *' 
puts to himself the foUowing question: "Why do phosphates produce 
so rapid an increase? " He states that a study of tahles recording 
live w^ght gains or yields of hay will not supply the answer, but 
" that the pastures themselves when closely examined clearly explain 
the action of the manures." He attributes the results to: (1) the 
very rapid increase in the legominous herbage which takes place; 

(2) a rapid improvement in the quality of the surface soil; and 

(3) the accumulation of atmospheric nitn^en fixed by the nodule 
oi^anisms. He gives it as his opinion, formed from his careful inspec- 
tion of the various experiments, that phosphates have little or no 
direct action on the grasses, and that it is the lime in the basic slag 
aotdi^; on the nitrogen aocnmulated by the nodule oi^anisms which 
brings about the improvement in the grasses. This improvement 
does not take place until the clover has been well established. FinaUy 
Middleton conoludee that it is impossible to obtain a purely legu- 
minous herbage, that clovers will partly and sometimes almost com- 
pletely disappear in three or four years as a consequence of the 
competition of the grasses encouraged by the nitrogen accumulated 
in the soil by the clover nodule organisms. Gilchrist comes to very 
much the same conolusious in his reports on the Tree Meld results. 

In order to obtain more detailed information conoeming the effect 
of phosphates on the composition of the hay crops in Essex, botanical 
analyses of the hay on the plots at several centres were made during 
the season of 1919, the samples being taken the same day as the hay 
■was out. 

Martin's Heame and Tysea Hill. The results from the experi- 
mental centres at Martin's Heame and Tysea Hill are set out in 
Tables XXH and XXIII. 
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EFFECT OF PHOSPHATES 



Several points of interest are brought out by these two tables. The 
luxuriooe bottom of red and white clover which covered the treated 
plots at Martin's Heame in 1918 (see Plates UI and IV) had all but 
Vfurushed during the 1919 season, and Leguminosae formed only a 
fraction of a per cent, of the hay crop at both the above oenttee. 
Nevertheless, the contrast in the botanical analysis of the treated 

Tablb XXH. Botanical Cohfosition, by Wbiqht, or thb Hat at 
Martin's Hbabne Fabm 
Soil: Boulder clay. Manures sown: Peb. 28th, 1917. 
Sample taken: July 9th, 1919 



Br»am 




Plotl 

.Si. 


Ho 




1^. 


AJtnUn 


Clovers 

Gnuw* 

WmcU 


trace 
80-2 
14-8 


trace 
881 
11-9 


trace 
68-6 
«-6 


tnoe 
82-6 
17-4 


trsoe 
96-7 
3-3 


trace 
96-8 
4-2 



















weight 






Loliumptrenne 


«■« 


22-0 


6-8 


26-9 


19-8 


17-0 




6-0 


7-7 


2-8 




5-7 


1-9 




20-6 


14-7 


10-8 


2S-2 


28-7 


10-6 


PoatnvMU 


1-3 


12-0 


0-6 


10-9 


7-3 


9-6 




1-3 


1-4 


0-6 


1-0 


1'3 


0-6 






0-» 










Bolcut lanatus 


32-B 


29-7 


44-3 


18-0 


17-0 


29-0 


AgrodUaBM 


0-7 


2-6 


6-8 


4-6 


4-8 


11-2 




27-7 


0-0 


27-3 


90 


I6-4 






100-0 


100-0 


100-0 


100* 


lOO-O 


lOOK) 


Superior graeseB 

Inferior grasaee 


391 


68-7 


21-a 


68-a 


62-8 


39-6 


60-9 


41-3 


78-4 


31-5 


37-2 


60-4 



and untreated plots is very striking indeed. The hay on the untreated 
plots at both centres consists largely of weeds, and poor undesirable 
grasses such as HcAtMa lanatua, Agroatia alba and Avthoscavthum 
odoratum. The apphcation of phosphates has either directly or in- 
directly considerably affected the botanical composition of the grasses. 
The better types of grasses saoh as Lolium perenTie, Phlffum pratenae, 
Gynosurua criataius and Poa trivialis show a general increase on all 
the treated plots. With the exception of the open hearth (fluorspar) 
basic slag at Martin's Heame, all the phosphates seem to be equally 
effective in bringing about the change, ^thoi^^h the clovers have 
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Tablb XXm. Botanical Composition, by Wbioht, off thb Sat 

AT TrsEA Hill Fabh 

Soil: Boulder clay. ManureB sown: December, 1915. 

Samples taken: July Sth, 1910 



8p.d» 


•f 


1 




s. 




# 


"r^.' 

T- 


OorerB 

Onssee. 

Weeds 


trace 
89-1 
10-9 


trace 
90-5 
96 


trace 
86-7 
33-3 


trace 
93-7 
6-3 


trace 
91-0 
fi-0 


trace 
94-5 


trace 
71-8 
2S-2 




lOfrO 


100-0 


lOCMJ 


100-0 


lOfrO 


LOOK) 


V»0 












. 







Compoation of the 



by we^;ht 



Lolium perenne 


31-1 


22-5 


15-3 


21-2 


20-8 


21-6 


5-4 


Phieumpmtmte 


20 


1-3 




6-0 


4-1 


4-6 




CytUMurut crittatw ... 


18-4 


19-6 


13-0 


22-4 


18-6 


16-0 


16-0 


Avemtjiattaeau 


2-4 


4-2 




10 


1-2 


0-9 


2-3 




24 


1-3 


3-9 


1-2 


2-6 


5-0 


5-9 


HolewlanatM 


27-6 


27-4 


41 -S 


24-8 


27-7 


19-6 


26-0 


AorotHaaOa 


6-6 


14-3 


14-0 


12-2 


14-4 


21-4 


14-4 




10-5 


9-5 


12-3 


12-2 


no 


11-0 


31-0 




100-0 


100-0 


100-0 


100-0 


1000 


100-0 


100-0 


Snperior grasBBB 
lUTcncs f^raHBGQ ... 


S3'9 


47-6 


28-3 


49-6 


44-4 


43-0 


23-7 


46-1 


52-5 


71-7 


60-4 


5&fl 


67-0 





FiQ. 7. Botanical compodtioo of the Hay, by weight, at Martin'e Heame, 

Season, 1919. Soil Boulder olay. 

1, Open hearth (fluorspar) bamc slag. 2, Open hearth (high soluble) basic slag. 

3, Untreated, 4, Gafsa rook phosphate, 6, Egyptian rook phosphate, 

6, Alg^ian rook phoaphate. 
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disappeared, the impTOTement in the grasses has succeeded in reducing 
the amount of weeds to about one-third of that present in the hay 
from the untreated plots. The mun points of difference are UlaBtrated 
in Figs. 7 and B. 



Fib. 8. Botanical oompcMition of the Haj, bj weight, at l^wa HiU. 

Season. 1919. Soil Boulder 0U7. 

1, BmIo B«6mmer slag. 2, Gofu rook phosphate. 3, TTntreatwL 4, Open 

hearth (flnotBpar) bask slog. 6, Open hearth (high soluble) bado alag 1. 

6. Open hearth (high soluble) baaio slag 2. 



Tablb XXIV. Pbrobntaqb of Gbotjnd spaob oooumbd by thb 
Ybqetation at Tysba Hill and Makhn's Heabnb 





Tysba BQll 


M4BTnr*fl 


Hkabni 




Plot 1 Plot 3 


Plot 2 
Buioslag 


Plots 
Untreated 


aorers 

Graases 

Weeds 

Baraspaoe 


60-0 
SO-0 


0-3 
34-8 

649 


8-3 
30-5 

0-7 
62-6 


2-0 
10-2 

1-9 
76-» 




100-0 


1000 


100-0 


100-0 



The aftermath on both sets of plots was grazed by cattle, Emd 
dining the first week of October 1919 a determination of the ground 
space oconpied by the various species was made, and the results are 
set out in Table XXIV. 

The clover had not reappeared at either centre in spite of the 
favourable climatic conditions, and although the treated plots ooold 
be distinguished from the immanured more than a mile away thiough- 
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out the whole winter and early Bpring, there was never any visible 
differ^ioe in the clover oont^it between the treated and untreated 
plote. 

A ohemioal examinatdon of the soils on the treated and untreated 
plots showed that at least one-half of the original dressing of phos- 
phorio acid was still present in an available form in the treated plots 
(see p. 106). The disappearance of the clover during 1919 was not 
therefore dae to lack of phosphates. 

Tablb XXV. Botanical Composition op thb Hay 
BY Weight at Mabtin's Hbaknb 
Sample taken: August 9th, 1920 





Plot 2 
BwioslM 
high aoluUe 

% 


Plot 3 

Untreated 

% 


Plot 4 
Oabarook 


Ckfvtm 

Otmwb 

W«d» 


27-5 
63-0 
B-6 


11-2 

68-5 
30-3 


36-0 
64-2 
10-8 


Tablb XXVI. Botanical Composition os thb Hay 

BY Wbuqht at Tysba Hill 

Sample taken: August 23rd, 1920 




Plot I 

Bado 

Bessemer slag 


Plot 2 
Ottfw 


Plots 

Untreated 

% 


Clorere 

GlMSeB 

Weeds 


69 
85-6 
86 


4-4 
896 
6-4 


4-4 
88-5 
71 



From March 1920 onwards the plots were inspected closely every 
week, find towards the end of May it became evident that the clover 
plant was again beginning to make headway, and by the end of July 
all ^^B plots at Martin's Hearoe, and particnlarly the rock phosphate 
plots, were covered with a vigorous growth of red and white cIovot. 
At Tysea Hill, less than half a mile away, there was very little clover 
showing, any difference there may have been between the treated 
and untreated plote in this respect was not discernible. Samples of 
hay from both centres were taken when the crops were out, and the 
results of a partial botanical analysis are set out in Tables XXV 
and XXVI. 
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A compaiieon of Tables XXV and XXVI brings ont several p(^ts 
of considerable interest. In the first place the all but complete dis- 
appearance of clover from the herbage at Martin's Heame and l^sea 
Hill daring the dry season of 1919, and the retum of the clover at 
Martin's Heame but not at Tjpsea Hill daring the moist favourable 
season of 1920 is curious. Secondly, it trill be noted that during the 
dry season of 1919 weeds formed aboat 30 % of the small crop on 
the untreated plot at both centres. In 1920 weeds still formed about 
30 % of the crop by weight at Martin's Heame, but at Tysea Hill 
the crop on the untreated plot was a heavy one and the hay on this 
plot was as free from weeds as on any of the treated plots. 

TaBLB XXVII. BOTANIOAL COMPOSITION OP THB HaT BY WbIQHT 

AT Lauboubnb End (London Clay) 
Sample taken: July 17th, 1919. Manures sown: Jan. 4th, 1919 





Plots 

% 


Pkrt3 
No manure 

% 


Gorere, eto. 

Groam 

Weed. 


0-3 
88-7 
11-0 


frO 
86-9 
131 




lOOO 


100-0 


Composition (rf tl 

CynotitTW criHahu 

Agro»tu*^r 

SoleiulanaHu 


e grasses by 

7-4 

4-3 
32-0 
48-9 

7-4 


weight 
6-3 
11-3 
36-9 
34-2 
11-2 



Lamboiime End (London clay). The botanical composition of 
the hay at Lamboume End is shown in Table XXVU. As will 
be seen from this table, the phosphates were sown six months 
before the plots were out. The season (1919) was a dry one, and the 
phosphates were without any appreciable effect on the cloveis, which 
could therefore not act as sai intemiediary in encouraging the growth 
of the grasses. Nevertheless the basic sl&g plots yielded almost twice 
the crop secured on the unmanured plot, a result which appears to 
indicate that phosphates have a direct and not an indirect action on 
the grasses, and that it is quite possible to obtain a specific and marked 
response to phosphates on pastures where clover plants are absent. 
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The moiBt seasoD of 1920 waa more favourable to the growth of 
clover, aad during the latter ipaxt of May and the month of June 
tiie plots were rapidly covered with a luxuriouB growth of red and 
white clover. 

The botanical ezunination of the hay crop in 1920 is set out in 
Table XXVIII and is illtistrated in Fig. 9. 

Tablb XXVIII. Botanical Composition of the Hat 
BY Weight at Lahbottbne End, 1920 







Sam 


>le taken: July 


17th 








^f 


Opniheutb 


^1 


Flat* 




te? 




Cl0T«8 

Graww 
Weeds 


22-7 
67-8 
9-5 


26-6 
61-9 
12-S 


2-3 • 
70-3 

27-4 


335 
SO-3 
7-2 


16-2 
72-6 
12-3 


33-7 
57-9 
8-4 


38-6 
657 
5-7 




10(H) 


100-0 


100-0 


100-0 


1004 


100-0 


100« 



* FrEwtically all bird's foot trtioil, purple vetch and Vieia eaiiva. 



S 

•s 

I 



Fio. 9. Botajiiaal oompodtioD fd the Hay, by weight, at Lamboume End. 

Season, 1920. Soil London day. 

1, Open hearth (fluorspar) bade slag. 2, Open hearth (high salable) basic slag. 

3. Untreated 4, Egyptian phosphate. 9, Cleveland phosphate. 

The results recorded in the above table simply afford another 
iUustratioa of the effect of the various phosphates in Nicoar^;ing the 
development of the clover plant. 

It would be difBcnlt to secure poorer quality hay than that obtained 
even on the dag plot in 1919. When conditions aie favourable to the 
development of clover as was the case in 1920, phosphates, in addi- 
tion to an increased crop, produce a vastly better quality of hay. 
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TA3I.B XXIX. Botanical Cobifosition or thb Hay bt Weight 

AT BUTTBBFIBLDS, LaTOHINODON. SbASOK, 1919 

Soil: London clay. Sample taken: July 2l8t. 

Manures sown: December, 1916 
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aOTMB 
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74-4 
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lS-8 
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on of the grasses by weight 




Loliumpennne ... 


14-4 


16-2 


10-8 


19-4 


24-1 
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1(M> 
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26-6 




15-7 


18-3 
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20-4 


22-3 


19-3 


Poa Mviaiu 


8-6 


10-8 


7-6 


12-4 


16-7 


10-8 


BrtmusmoUU ... 


33-9 


8-7 


3-6 


4-2 






BonUumpraUnM 


3-8 


21-8 


35-6 


19-6 


10K> 


iB-a 


AgmtUaOia 




3-0 


6-8 


2-0 


2-0 


3-4 


Boleut lanatut ... 


0-4 


0-9 


8-3 


3-0 


2-0 


8-5 
















odoralum ... 
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lOOfl 
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44-8 


71-2 
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38-1 


34-4 
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BO 
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no 


■s 
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<p 
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20 
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J_2. 



Flo. 10. Botomool compoaition of the Hay, b; weight, at Butt«rfields, Latchingdon. 

Season, 1919. 8oU LODdoa olay. 

1, Bsaio Beaaemer slag. 2, Oafaa pboaphate. 3, No mannre. 

4, Open hearth fluorspar basic slog. 6,BasioBlag. 6,Baaioalag. 
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Butterfields, Latchingdon. The effect of the Tarioos phosphates 
on the compoaitiou of the fiora at liatchingdou is aimilar to that at 
Martin's Heame and Ty^ea Hill. The botanical composition of the 
hay is shown in Table XXIX and in Fig. 10. The contrast between 
the treated and untreated plots is not so marked as at the othra 
two centres mentioned, but the pasture on the untreated plot at 
Latohingdon is much superior to that at Martin's Heame and Tysea 
pill (compare Figs. 7, 8 and 10). On all the treated plots the better 
grasses, such as Ldium perenne, Phleura pratenae, Cynoswraa eria- 
tatuB and Poa triviaXia, have improved their position at the expense 
of the poorer quality grasses, such as Hordeum pratenas, Agroatia 
alba, Holctta Uinaiue, etc. It is worthy of note, moreover, that at 
Latohingdon clover forms a fair proportion of the crop by we^^ht, 
whereas at Martin's Heame and I^sea Hill it was practically absent 
during 1919. 



Tablb XXX. BoTiKioAi. CoMFOsmoN OF THE Hat Ceop 
BY WaaoHT AT Wbhdbns, Sambok WaU)BN. 



Soil; chalk. Sample taken: June Idth, 1919 
Mannressown: January, 1916 
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U^Kdable 
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Phleum pratenae ... 
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14-8 


14-8 


10-6 
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60 


Poatriviaiia 


3-7 
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6-1 


3-6 


4-3 




Avmafiaveeeena ... 


6-8 
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13-9 


16-4 


135 


14-7 








0-8 








Holcua lanatui ... 


3-7 


1-3 


2-4 


2-7 


1-9 


2-6 


Bromaa moUU ... 


101 


12-3 


12-3 


8-7 


17-0 


17-0 




1000 


100-0 


100-0 


1000 


1000 


100-0 
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Wendens, Saffron Walden. The botanical oompoeition of the 
grass at Wendens, Safiron Walden (chalk) is shown in Table XXX. 
The quality of the meadow is obvionaly much superior to that at 
any ot the other centres, and it is therefore not sTUpriaing to find 
tiiat the varions phosphates have bad a comparatively small effect 
on the quality (A the herbage. 

Tabls XXXI. BoTAiraoAL Analysis of thb Hay Cbof 
BY Wbioht at Hoendon. 

Sdl: London olay. Sample taken: Aug. lOtb, 1920 
Manures sown: Feb. 27, I9I8. Plots B, C, D and H: Feb. 3rd, 191» 



Hot 


Humre 


CkmntB 


Gnasea 


Weeds 


B 


Cambridge ooprolitea 


67-5 


28-7 


3-8 


C 


lime ..7 


20-6 


77-8 


1-6 


D 


Coane ETOoitd c^wn hearth {flaorspar) 


56-9 
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60 


1 


Fl(»id^ pebble pho^Lte Z . 'Z Z. 


61-9 


4O0 


8-1 


3 


51-3 


46-8 


2-9 


6 


Opoi hearth basic slag (high dtrio solnble) 


45'4 


63-3 


1-3 


6 


Untieated 


8-7 


81-4 


9-9 


8 


Ctafiia phosphate 


63-8 


32-0 


4-2 


fl 


Tnniaan 


47-7 


49-2 


31 


11 




49-3 


47-7 


3-0 


13 




34-0 


61-4 


4-6 


16 




51-4 


47-9 


0-7 


16 


Untreated 


7-6 


86-6 


6-9 


17 


Opeo hearth bado al^ (high oilrio sohible) 


441 


63-4 


0-5 


18 










dtrio Bolsbte) 


45-5 


63-2 


1-3 


H 




68-9 


38-8 


2-6 


K 


Untreated 


80 


80-1 


11-9 



Homdon (Lcmdon clay). These plots were grazed during 1919, 
and samples of hay for botanical analysis were not lemoved until 
the 1920 crop was cut on August 16th. The results which are set out 
in Table XXXI, and illustrated in Fig. 11, show an extraordinary 
contrast between the treated and untreated plots. In view of the 
effect of grazing during 1919 on the growth of the herbage on the 
plots receiving phosphates (see Table XV and Plates VI and VII), 
it is, however, not surprising to find that clover was the dominant 
constituent of the bay crop in 1920. 
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B, Caufaiidge coprolitee. C, Lime. 3, Algerian phoaphate, 6. Open hearth (high 
eolnble) bnsio atag. 6, Untreated. 8, G^sa phosphate. 9, Tanudan phosphate. 



phosphate. 13, Snperphosphate. IS, Snper phosphate and lirae. 16, Un- 

17, Open hearth (high aolnUe) baaic slag. 18, Open hearth (fioorspar) 
bado slag. H, Cleveland phosphate. K, Untreated. 
Fia. 11. Botanical Domposition of the Hay, by weight, at Great Hulgrares, 
Homdon-on-the-Hill. Season, 1920. Soil loadon olay. 



DISCUSSION OF THE RESULTS OF THE 
BOTANICAL ANALYSIS 

Although a rapid and lai^e increase in the amount of cloveis 
piesent in the herbage has followed the application of phosphates 
at the variooB experimental centres, and although the varione phos- 
phates appear to be equally effective in this respect, there are clear 
indications that the effect of the phosphates on the herb^e is not 
confined to the clovers alone. At Martin's Heame, Tysea Hill and 
Latcbingdon for example (see Figs. 7, 8 and 10), the better types 
of grasses axe greatly encouraged as a result of the apphcation of 
phosphates. The meadows at Martin's Heame and Tysea TTtH have 
been down for a confflderable time. The nitrogen content and the 
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(nganio matter content of the soil toe already high, and it is difficult 
to believe tiiat the accumulation of a comparatdTdy small amount 
<tf nitn^en by the nodule orguusms and its subsequent nitoification 
18 responsible for the double crop which the treated plots bore in 
1919 when no clover was pres^it. It seems more probable that the 
double crop is due either to the grasses benefiting by the direct 
fertilising effect of the phosphates or to the phosphates having some 
action on the production of nitrates in the soil, or to the operation of 
both these causes. This contention is borne out by the results at 

Tabu YYYTT Botanical Coufosition or thb Hay by Wbioht 
ON THB Plots bbobitino Hiqh Solvblb Basic Slag. Sbasok, 1919 





BoirLDmCLi.x 


LomdomCiay 




■sss 
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-r- 


-r 


^ 


"t- 


H,^. 


Clovers 

araBBM -. 
Wwida 


ta«ae 
88-1 

lis 


tttwe 
89-1 
10-9 


60-2 
33-3 
13-6 


0-3 
88-7 

no 


20-8 
74-4 
4-8 


II-O 
86-9 
2-1 


441 

28-« 
13-6 




0-27 
2-86 


0-29 
287 


0-00 
1-73 


0-46 
3-08 


0-03 
1-47 


0«0 

0-63 


OKW 
1-78 



* The figures for Famham and Homdon indicate the peroentage of gioimd apace 
oorered by the Tarions speoiw and not the botanical oompoaition at the hay. It is 
obriooa howerec that had a hay crop been out at theae oentna olorer wonld hare 
fonned a laige ^ptwtion of the oiop by weight 

t Hay lit till Harrert. 

Lamboume End, where a very large increased orop of grasses followB 
the application of phosphates, the response of the clovers to the 
dressLog not being manif set until the following year (see Tables XX VH 
andXXVm). 

Table XV oleariy shows the superior effect of basic phosphates in 
encouraging the growth of oloveis, but this effect onoe produced is 
not maintained on all the soils until the dressing of basic phosphates 
is exhaoBted or nearly so. 

At Homdon, Latohingdon, Saffron Walden and Famham no diffi- 
culty has been experienced in maintaining the clover even doling a 
dry and unfavourable season like 1919. At Martin's Heame, Tysea 
Hill and Lamboume End, however, the clover completely disappewfed 
from the treated plots during 1919. This result at Martin's Heame was 
rather surprising in view of the fact that clover covered the treated 
plots in 1918 almost to the exclusion of the grasses (see Plate IV}. 
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These differences between the varioos eentres are brought out 
dearly in Table XXXII. 

At Latchingdon and Wendene clover has persiated on the un- 
treated plots as far as can be ascertained ever since the fields went 
down to giase. There are, moreorer, no signs of the clover which 
was enoonraged by the application of sl^ five years ago tendii^ to 
'go off,' although, of course, it is subject to seasonal fluctuations. 

It will be noted that it is on the sour soils, and only the sour soils, 
that the clover failed during the season of 1919. 

If, however, the results for the 1920 season are tabulated, as is 
done in Table XXXIII, it will be seen that sourness is not the cmly 
factor. 



Table XXXIII, BoTAinciL CoMPOSmoN or thb Hat Crop by 

Weight on Plots bboeivinq High Solublb Basio Slag. 

Season, 1920 





Mabtdt'b 


Hawnx 


TYSuHnx 


Bouxm 

Era 
(average) 
2plot8 






Baoo 
Blagakoe 

% 


% 


'BMio Slagplo^ 
slagalone lime* 

% % 


HOBM- 


CSovers 

Gratmm 

Weeds 


27-5 
630 
9-6 


18-7 
73-3 
8-0 


5-9 
80-a 
8-6 


8-6 
S4-ft 
6-6 


29-7 
fi9-9 
10-4 


40-4 
53-3 
1-3 




0-27 
8-37 


- 


0-29 
9-34 


- 


0-4fi 
5-27 


0-00 
6-34 


lUiDfl^ (inchee) 



* At the rate of 35 owts. of CaO per a< 



t Hay lat till BorreBt. 



On the sour soils at Lamboume End and Martin's Heame clover 
tonoB more than 26 % of the crop, and it will be noted that a dressing 
of lime in addition to the slag has not improved the position of the 
clover at Martin's Heame. It is, of course, quite possible that the 
clover on this plot will benefit by the dressing of lime should another 
unfavourable season succeed. 

The application of lime at Tysea Hill has not succeeded in bringing 
a vigorous growth of clover even in a favourable season like 1920, 
Emd it is quite clear that some other factor besides climate, lime and 
phosphate is responsible for the failure of the clover plant. 

Chemically the soil at Tysea Hill differs from that at Martin's 
Heame in having a lower content of available potash, and it seems 
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probable that an inadequacy of potash is respoiudble for the failure 
of the elover. 

The effect of gnoing and oontinuoas cutting on the condition of 
tiie botanical flora ie well illostrated in Table XXXIV and Fig. 12, 
which show the percentage of the gronnd space covered by the flora 
on the slag plots at Latchingdon and Homdon during 1919. 

Tablb XXXIV. Pbbobntaob or thb Gboukd Sfaoe oooupibd by 

THB VBOBTATION ON THB BaSIG SLAQ PlOTS 
AT LaTOHINODON AND HOBNDON 

Determinations made: Aug. and Sept. 1919 





Latohdtodok 

Cat 4 years in 

suo««don 


HoMrooN 
Cut 191g 
grazed 1S19 


Clorore 

Gwaae- 

Weeda 

Bue spiwe 


181 
81-2 
0-0 
30-7 


46-2 
37» 
7-fi 
9-4 



r" 



J 



Latchingdon. Cut foui 

Fia. 12. Feroentage of Ground Space oocmpied by the Vegetation on the Bade Blag 
Plots at Latchingdon and Homdon. Seaeon, 1919. Soil London elay. 

The bottom at Latchingdon, it will be seen, is an open one, and 
although it shows a great improvement in this respect over the un- 
treated plot, it is not nearly so close as that at Homdon. At 
Latchingdon the clover disappears in the autumn and come again 
the following year towards the end of May or the beginning of June. 
At Homdon on the other hand the surface is covered with a network 
of clover runnors, and there is practically no 'bare space' on the 
plot. The Essex farmer still holds to the practice of grazing and 
cutting his meadows in alternate years, and in view of these reeolts 
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and the climatio conditions of the ooonty, there is much to be eaid 
for this practice. 

The botanical an^yses from all the centres agree in showing that 
as far 06 the quality of the herbage is concerned there is nothing to 
choose between the effectiveness of rock phosphates and high citric 
soluble basic sl^a. There Kce, however, indioations that the open 
hef^h (fiuorspar) sli^ of very low solubility are lees efficient in this 
respect than the high soluble basic sls^. 

EFFECT OF PHOSPHATES ON THE MOISTURE CONTENT 
AND TEMPERATURE OF THE SOIL 

It has already been stated that one of the great difficultiee experi- 
enced on the clay soils — particularly the London clay soils of Essex — 
is the wet condition under which they he throughout the wintw and 
late sprii^. As a rule a hot fuid dry spell of weather succeeds, lasting 
dnring the greater part of May and June. The soil whether under 
pasture or arable conditions dries up rapidly, sets as hard as a brick 
(caps), and cracks badly. 

Theee unfavourable conditions were very obvioos at the Homdon 
Experimental centre during 1919. Following a wet April the remains 
of a heavy fall of snow were still visible on the plots on May 3rd. 
A spell of dry hot weather set in and lasted without any recordable 
rain falling until the third week in June. The condition of the un- 
treated plot was difficult to describe. There was practically no giowtii 
and the surface was covered with innumerable cracks, some of them 
wide enough to allow of the insertion of the greater part of the arm. 
What httle growth there was shrivelled up by the second week in 
Jime. It was obvious, however, that the plots receivii^ phosphates 
were not suffering nearly so badly. The cracks were fewer, and required 
looking for, and the thick matted bottom of clover provided a con- 
tinuous feed for the grazing stock throughout the season (Plate YI). 
The marked difference between the condition of the soil on the dag 
plot and untreated plot suggested a better regulation of the moisture 
supply on the former plot. 

It was unfortunately not possible during 1919 to follow up the 
enquiry which these observations suggested, but during the season 
of ld20 a series of moisture determinations and temperature records 
were made on Plot 17 (basic slag) and Plot 16 (untreated) at 
Homdon. 



,y Google 



EFFECT OF PHOSPHATES 

MolSTOBB 

I March 1920 the moisture woe determined each 
week in a 9 inches samide of soil from each plot, and a little later 
8 inches samples were taken. At the same time temperature records 
were obtained at a depth of 9 inches and 3 inches. All the samples were 
taken by the writer and were seoored by means of a Ifi inches 
sampler of { inch diameter which could be adjusted to remove a 
core of 3 inches, 9 inches or 12 inches in length. The sample for each 
plot consisted of from 10-14 cores. 

TaBLB XXXV. HOISTUBB COSTENT OV THB SoU. AT HOSRBOR OK 

Plots 16 ash 17 at Vabious Dxfths 





MoieiDBB (%) 


D»t» 


O-SinoheB 


S-eiaebea 




Plot 17 Hot 16 


Plot 17 Plot 16 


1920 


Baak elag Untreated 


BoeiaalMg XJntnated 


April 26 


291 


28-6 


24-0 


20-6 


M»y 6 


26-1 


28-6 


22-8 


226 


10 


26-2 


29-3 


22-6 


26* 


17 


22-8 


22-6 


17-8 


21-6 


26 


20-1 


18-4 


22-0 


21-6 


31 


23-7 


19-0 


lS-4 


16-4 


Jane 8 


ISO 


16-9 


12-8 


161 


14 


19-5 


16-8 


15-6 


17-0 


21 


21-S 


19-9 


18-3 


18-1 


2B 


18-7 


17-6 


13-4 


16-2 


July 8 


26-1 


25-8 


20-2 


23-8 


12 


26-3 


27-0 


24-3 


21-8 


20 


18-4 


18-4 


17-2 


19-1 


28 


23-2 


24-7 


210 


22-0 


Aug. 4 


242 


26-6 


19-6 


20-8 


9 


220 


24-9 


16-9 


191 


16 


IS-S 


19-2 


16-5 


16-4 


31 




19-0 




17-8 


Sept 7 


17-9 


18-7 


16-B 


17-2 


20 


26-8 


26-8 


23-2 


23-2 


Nov. 24 


26-3 


27-9 


191 


21-4 



The moisture contents of the fiist three inches of soil and of t^e soil 
from Sinchea to 9 inches on both plots are given in Table XXXV. The 
results are plotted together with the rainf^recoid in Figs. 13 and 14. 

Broadly speaking the 1 920 season was a moist one, and particolarly 
favourable for the hay crop. At the beginning of May the ground, 
SB tiie result of a wet April, was saturated with water. May, however, 
waa a dry, and on the whole a hot month, and the soil rapidly began 
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Flo. 13. Hoiatnre oonteiit of tbe first 3 Inohes of seal oa the Untreated and E 

Slag Plota at GrOBt HulgisveB, Honidon-on-the-Hill. SoU London ol&y. 
Hot 16, Untreated Plot 17, Buia Slag . BainfaU 




Apiil Hty Jnna Jul; Antput Sapt. 

Fio. 14. Moisture oontent of the Soil at a depth of 3 to 9 inohee on the Untreated 
and Bado Slag Flota at Great Mulgraves, Horndon-on-the-HilL SoU London da^. 
Hot 16, Untreated . Plot 17, Baaio Slag . Rainfall — 
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to dry up. By May 26tli the untreated plot had begun to crack and 
by June 7th it was difficult to find a square yard of this plot that 
was not traversed by a big crack. On this date also the first s^ns of 
'cracking' were observed on the slag plot, but the cracks required 
looking for and were of small dimensions. The dense growth on Plot 17 
was obviously taking much more water from the soil than was the 
case on Plot 16 where the growth was ne^;l^ble and where a large 
proportion of the surface was bare (see Table XV). The data presented 
in Table XXXV and Hgs. 13 and 14, however, afioid some explana- 
tion of these differences. On May 10th, Plot 16 (untreated) contained 
29 % of water, whilst Plot 17 contained approximately 26 %. By 
the 17th the moisture content of both plots had fallen to 23 %, 
Plot 16 having evidently lost its moisture at a more rapid rate than 
Plot 17. On the 26th the moisture content had fallen to 18-4 % on 
Plot 16, whilst Plot 17 in spite of the very much larger transfora- 
tion which was taking place from this plot contained 20-1 % of 
moisture, a difference of 1-7 % in favour of the slag plot. The week 
following the 25th was showery and hot, and on the 31st of May, 
when samples were again taken, there was a surprising difference 
between the moisture contents of the two plots to a depth of 3 inches. 
Plot 16 contained only 19 % of moisture, whilst Plot 17 had a 
m(»sture content of 23-7 %, a difference of 4-7 % ia favour of the 
phosphate plot. Plot 16 received very little benefit from the showers 
during the week; much of the rain must have run down the cracks, 
and the bulk of the remainder, falling on a bare surface exposed to 
the direct raj's of the sun, was evaporated rapidly. The following eight 
days from May 31st to June 8th were dry and hot, no rain whatever 
ffdling. The moisture content of both plote fell rapidly, but on the 
8th, Plot 17, notwithstanding the much greater demand made upon 
it, contained 18 % of moisture in the first three inches of soil, com- 
pared with 15-9 % (the lowest moisture content recorded throughout 
the season) on the untreated plot. The advantage of a dense crop on 
this type of soil is ffurly obvious, and it is in fact the only practical 
method of conserving the soil moisture. 

It is difficult to emphasise the importance of this indirect action 
of basic phosphates on this type of soil during a dry season when 
the absence of rainfall in May and Jime or a small precipitation 
makes the growth of a hay crop impossible. 

On the 10th of June the fine weather broke and during the sub- 
sequent fortnight unsettled conditions prevadled. Even at the end 
of a fortnight Plot 17, in apite of the rapid growth which was taking 
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place, still coptained a higher moisture content in the surface 3 inohes 
of 8oiltIianonPlotl6, where as far as the eye oould judge the growth 
was all bat negligible. Apparently a good deal of the rain bad drained 
down the cracks on Plot 16, which were still aa prevalent as during 
(he preceding fortnight. On July Ist a spell of wet weather set in, 
there being only two dry days during the first twelve days of the 
month. For this period a total of 1-97 inches of rain was reoorded. 
On July 8th and 12th, when the samples were taken, both plots 
appefuwl to be equally wet and the cracks had all disappeared. The 
analytical results showed that on both these dates the surface three 
inches of soil on both plots had approximately the same moisture 
content. The third week of July was dry and growth on Plot 17 was 
rapid. At the end of the week both plots had the same moisture 
content, namely 18-4 %. The remaining week and the firat week in 
August were wet and the moisture content of the surface three iDohes 
Taried from 23-26 % ; the treated plot during the period 26th July 
to 9th August being distinctly drier. From the 9th of August to 
the 19th no nun fell, the untreated plot dried more rapidly and on 
the 16th the moisture contmt of both plots was approximately the 
same. On this date the plote were cut dead ripe; they were weighed 
on the 21st and carted to the stack and subsequently threshed foi 
wild white clover seed. The weights of hay on the two plots were, 
Plot 17, 28-8 cwts. and Plot 16, 6-4 owte. per acre. 

It will be noted that from the 16th of August onwards (Plot 17 
no loi^;er being covered by a dense crop) the moisture on both plots 
remained practically the same. 

By determining the moisture content of the soil to a depth of 
9 inohes and 3 inohes on both plots it was posable to calculate the 
moisture oontrait of the layer of soil 3 inches to 9 inches on both plots. 
. This was done, and the figures are given in Table XXXV, and are 
shown graphically in Fig. 14. The calculations were made with a view 
to ascertaining whether the crop on the basic slag plot was able to 
draw more water from the lower depth than was the case on the 
untreated plot. It is natural to expect this to be so under dry oUmatic 
conditions for dther or both of two reasons. Firstly because of the 
increased root action which follows the application of basic phosphates 
to clay pastures, and secondly because it seemed possible that the 
remarkable root development which took place on Plot 17 would affect 
the texture of the soil to some extent and thereby facilitate the up- 
ward passage of capillary water. An inspection of Fig. 14 shows that 
though the first three inches of soil on the basic slag plot remained 
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moists than on the untreated plot, throughout the dry periods, the 
oppoeite was the case as far as the moisture content of the 3id to 
9th inch was concerned. Whenever a pwiod of wet weather succeeded 
a dry speU, as for example during June I4th to SIst, the moisture 
content on both plots at a depth of 3-9 inches rose to approximately the 
same level. A diy speU invariably resulted in the moisture cont^it of 
the 3idto 9th inch on Plot 17 falling more rapidly than on the un- 
treated plot. In view therefore of the high moisture contents which 
have prevailed at various periods throughout the season, it seems 
evident that the crop on P^ot 17 has been able to utilise the moisture 
at this depth, particularly during dry spells, to a much greater extent 
than was the case on the untreated plot. Mechanical analysis 
(admittedly imperfect for this purpose) fails to detect any difierence 
in the mechanical structure of the soil on theee two plots, and it is 
therefore probable that during the first years which follow the appli- 
cation of basic phosphate to this type of meadow land, the crop on 
the sl^ plot is able to draw upon the moisture content of the soil at 
lower depths than is the case on the untreated plot largely because of 
the increased root development. The behaviour of the two plots from 
August 16th, when the plots were cut, until September' 20thi tends 
to confirm this view. It will be seen that the moisture content of 
the section of the soil from 3-9 inches remained practically the some 
on both plots during this period and as far as the eye coiild judge 
no growth took place. 

Temmeatubb 

The temperature records were tahrai by means of a special thermo- 
meter recording between 0" and 30° C, and graduated to one-tenth 
of a degree. During the latter stages of the work this thermometer 
was replaced by one roistering only to one-fifth of a degree. It was, 
however, a simple matter to get results to one-tenth of a d^ree by 
interpolation. 

The temperature records of the soil on Plots 16 and 17 are given 
in Table XXXVI and are recorded graphically In Figs. 16 and 16. 
Examined in conjunction with the figures in Table XXXV (repre- 
sented in Figs. 13 and 11) the results have an important bearing 
upon the action of slag under dry climatic conditions on such heavy 
London clay soils. During the whole of the period from May 17th 
till the crop was carted ofi the plots on August 21at, the surface three 
Tuple drawn from Plot 17 on August Slet met with eui 
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Tablb XXXVI. Tbmpbbatube of the Soil at Hobndon 
ON Plots X6 and 17, at Depths of 3 inches and 9 inches 





TuMEXBATnEK (degrees CentJgrads) 


Date 


At a. depth of 3 inches 


At a depth 


of 9 inches 




Hot 17 Plot 16 


Plot 17 


Plot 16 


1^0 


Bade slag Uatroated 


BadOBteg 


Untreated 


Mav S 
10 
17 


- 




9-8 


10-3 


144 


16-0 


iTo 


13-6 


25 


17-2 


20-3 


14-7 


17-7 


31 


16-4 


21-4 


14-8 


16-2 


June S 


14-4 


18-1 


13-6 


15-4 


14 


170 


2(K> 


16-0 


18-0 


21 


16-3 


20-0 


16-8 


17-6 


29 


17-8 


20-0 


16-4 


19-2 


Jul; 8 


16-3 


16-8 


14-8 


16-1 


12 


17-6 


19-8 


16-4 


17-9 


20 


I6-fi 


20-0 


16-6 


17-6 


28 


16-3 


16-3 


14-9 


16-2 


Ang. 4 


14-6 


17-6 


14-6 


16-2 


9 


15-2 


17-4 


14-9 


16-6 


16 


lS-5 


19-2 


16-0 


16-8 


21 


130 


138 






31 


lS-3 


14-7 


14-2 


13-9 


Sept 7 


lS-8 


16-« 


16-3 


14-8 


20 


12-2 


12-6 


12-6 


12-7 


Oct. 4 


13-4 


13-5 


13-6 


13-4 


Nov. 24 


4-S 


4'2 


6-3 


6-0 




so /«- j's S 

»Uy June July Auguit S*pt. Oot. 

Fia. 15. Temperature of the Soil at a Depth of 3 inohea on the Untreated and B 
Slag Flote at Great Mnlgrares, Homdon-on-the-HilL Smi I^iidoa olay. 
Hot 16, Untreated Plot 17, Bade Slag . 
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-^v 



J 

*'«« A ii 10 A 7 — w — i ' / ' ^ i — A io 

Uudi AptU Miy JuM Jnly Aagnt S^t. Oct. 

Via. 16. TemptxAtnre <rf the Seal at a Depth of 9 inohsB on the Untreated and Basio 
Slag "PMa at Great HulgraTea, Homdon-on-the-HilL Soil London olay. 



Plot 16, Untreated- 



Flot IT, BssiB Slag - 



inohes of soil on the slag plot remained conuderably cooler than the 
surface soil on the ontreated plot. The importance of securing an 
effitnent covmng of the solfftce soU, so as to protect it from the direct 
rays of the aim, is well brought out in Fig. 15. The thick bottom of 
clover has not only succeeded in retainii^ the moisture on Plot 17, 
but it has very effectively kept the plot cool during the hot spell 
of weather in May and June. A oompariBon of Figs. 13 and 16 shows 
quite clearly moreover that the lower temperature of the surface 
soil on Plot 17 is hot due to the higher moisture which it contains, 
but is almost entjrely due to the superior covering effect of the crop 
on this plot. 

Daring the hot period May 1 7Ui-26th the temperature of the soifaoe 
soil on both plots rose considerably, and on the 26th there was a 
difference of 3- 1" C. between them. ITie subsequent week was showery, 
a total of '24 inch falling on four of the seven days. Of this amount 
■14 inch fell on the 29th. On the Slst the temperature of Plot 17 
had fallen from 17-2'^ C. the previous week to 15-4°. Plot 16 on the 
other hand had risen from 20-3" on the 25th to 21-4° on the 31st 
there being now a difference of 6-0° C. between the two plots. In 
degrees Fahrenheit the temperatures at a depth of 3 inches on the 
two plots were— on Plot 16, 70-5° and on Plot 17, 59-7'. 

During the whole of May and Jtme, Plot 17 (slag) at A depth of 
3 inches was never less than 3° C. cooler than the untreated plot. 
During the wet month of July the temperature on the two plots 
more closely approximated, but whenever a warm and dry spell of 
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-weather eneaee the diffeience between the two plots becomoB greatly 
accentuated. On Aagust 16th the plots were cut shortly after the 
temperature readings were taken, and the hay lay on the swathe 
until the 21at, when it was raked up, weighed and carted. The reason 
for the difference in temperatute which had existed throughout the 
season soon became apparent. With the removal of the dense covering 
from Plot 17 the temperature records corresponded very closely with 
those of Plot 16, and in fact on several occasions were a trifle higher. 

The temperature records taken at a depth of 9 inches on each 
plot serve to emphasise the importance of an adequate covering of 
the soil. The beneficial effect of the covering action of the clover on 
the slag plot is very marked even at a depth of 9 inches, and during 
the warmest periods there is often a difference of 3° C between the 
two plots. Plot 17 being invariably the cooler, despite the fact that 
the moisture content at this depth was generally lower than on Plot 1 6, 
the untreated plot. With the removal of the crop on August 2l8t 
this difference in the temperature records of the two plots at a depth 
of 9 inches becomes negligible and the two curves follow each other 
very closely indeed. 

It is of course difficult to say how far this 'secondary effect' of 
the action of slag has contributed to the difference in the cropping 
power of the two soils (28-8 cwta. on Plot 17 and 6-4 cwta. on Plot 16), 
but there can be Uttle doubt that it is of very considerable importance, 
and thatdurii^ a dry season it may well be the mostimportant action. 

To retain moisture and keep the soil cool is the great difficulty 
experienced on this type of soil daring the late spring and early 
summer. It is obvious therefore that whatever is possible should be 
done to niaintain a thick close bottom, and for this purpose it is very 
desirable that the meadows should not be cut every year, but should 
be cut one year and grazed the next or two following years. To reserve 
a meadow for hay for several years is far from desirable under the 
climatic conditions prevailing in the east of the county, unless a hay 
crop varyii^ from 1-7 cwts. of hay per acre should prove sufficiently 
profitable. 

Martin's Heame. Itisof interesttocomparetheresnltsatHomdon 
with those at Martin's Heame. At Martin's Heame the plots were 
cut for fom- years in succession and are known to have been cut for 
hay during tiie two years prior to the commencement of the experi- 
ments. There is no close bottom of clover at this centre such as that 
at Homdon (compare Tables XV and XXTV). At Martin's Heame 
the clover dies down at the end of the season and in the followii^ 
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year makes its appearance towards the end of May if the season is 
a suitable one. During a dry nnfavourable season hke that of 1919 
clover was almost entirely absent (Table XXII). Moisture and tem- 
perature determinations were made on Plot 2 basic slag, and Plot 3 
ontreated, throughout the season of 1920, and the reooids are shown 
in Table XXXVH. 

Tablb XXXVU. Effbot of Basic Slag on the Moisttteb Contbnt 

AND TBUFBBATUBB OF THB SoiL AT MaRTIN'9 HkABNB 





TnrxBATUBB (degrees Centigrade] 


MomrBK 


I>at« 


Plots 


Plot 3 


BataoaiAg 


Basic ilag 




B«aioalag 


Untreated 


PlotP 


Plots 


1»20 


Sina. 1 9in& 


SiHM. I 9inB. 


% 


% 


Apr. 19 


_ 


_ 


_ 


_ 


32-2 


351 


26 




10-6 






34-1 


33-2 


May 5 




9-9 




9-7 


29-9 


31-6 


10 










36-7 


34-6 


17 





13-6 





13-6 


26-3 


26-5 


2S 


16-S 


16-9 






19-9 


21-3 


31 


16^ 


16-8 


16-8 


Ifi-8 


27-9 


28-S 


June 8 














U 


17-6 


IM 


18-1 


16-0 


^3 


2^2 


21 


171 


16-8 


17-4 


16-S 


24-8 


23-4 


29 


17-8 


16-7 


17-8 


17-6 


16-7 


176 


July 8 














13 


17-0 


16-2 


17-3 


16^ 


26-6 


24-3 


19 


18-2 


15-8 


17-8 


16-4 


17-0 


18-3 


26 


14-7 


14-8 


14^1 


14-7 


26-1 


23'S 


Aug. 4 


14-9 


14-6 


14-9 


16-0 


26-8 


26-8 


9 


16-2 


14-6 


16-6 


14-8 


26^^ 


23-6 


PlOtBOUt 














Ang. 9th 














Aug. 16 


17-8 


16-4 


17-8 


16-4 


21-1 


20-2 


24 


16-7 


16-2 


15-6 


14-7 


22-8 


24-3 


31 


14-6 


14-0 


14-7 


14-3 


20-2 


18-6 


Sept. 7 


161 


16-1 


lfi-4 


16-3 


19-6 


204 


20 


14-8 


14-6 


14-8 


14-6 


25-3 


26-2 


Oct. 4 


14-0 


13-8 


141 


140 







At Martin's Heame there is no appreciable difference in the tempera- 
ture records of the two plots either at a depth of 3 inches or at 9 inches. 
There is a big difference in the yield of hay on the two plots, namely, 
31-9 ewts, per acre on Plot 2, and 22-0 cwta. per acre on Plot 3. The 
bottom in both plots however is an open one, due to the recent 
practice of cutting every year, and the better growth on the slag plot 
does not act as a cover to any appreciable extent. 
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The moisture figures also present no important point of difierence, 
Ihiring the dry spells the slag plot, as might be expected considedng 
the heavier crop which it carriee, losea moisture at a more rapid rate 
than the untreated. 

The rainfall at Martin's Heame and in the west of the county 
generally is considerably heavier than at Homdon-on-the-Hill, which 
is situated in the eastern part of the county. 

As a general rule it would be quite a safe practice in the west of 
the oounty to cut the meadows for hay every year, and little would 
be gained by alternating with grazing, except perhaps diuing a par- 
ticularly dry season like 1919. 

THE EFPECrr OF PHOSPHATES ON THE 
TEXTURE OF THE SOIL 
Collins (4] discussing the effect of phosphates on grass-land, states 
that on the untreated plot at Cockle Park yellow clay still remains 
close to the surface, yet on the plot wliich has been manured with 
basic slag for over twenty years a very useful loam extends to 10 or 
12 inches below the surface. The steady downward trend of the roots 
on the slag plot opens up the clay soil, and by admitting air and 
sapplyiI^; organic matter gradually transforms the soil into a kindly 
loam. Such a transformation must of necessity have an important 
influence upon the movement of water in the soil. The experiments 
described here have only been running for a comparatively short 
time, and such an effect as Collins indicates would only be starting, 
and would not be readily noticed. The records of the moisture 
content at various depths on the two plots at Homdon (16 and 17), 
and the extraordinary contrast afforded by the root development, 
suggested that an appreciable alteration in the mechimical condition 
of the soil might have been brought about on the slag plot. In order 
to ascertain whether this difference is measurable by the ordinary 
methods of mechanical analysis, samples to a depth of 9 inches were 
removed from the slag and untreated plots at several of the centres 
during t^e autmnn of 1919, and subjected to mechanical analysis. 
It cannot be said that the residts, which ore given in Table XXXVIII, 
afford much positive information. At T^sea HUl, Martui's Heame 
and Botterfields, the clay fraction is appreciably less on the b1^ plots. 
At Famham there is no difference, whilst at Homdon, where the 
experiment had only been in pn^ress for a year, the results are 
contradictory. In any case, the positive differences are so small as 
to be in each case within the limits of experimental error. 
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It seemed probable in view of these reeults that three inoh sfunplra 
might show more clearly any alteration in the mechanical compoa- 
tio0 which were in progress on the slag plots. Three inch samples 
were accordingly carefully removed from Plots 16, 17 Emd C at 
Homdon during August 1920 (two and a half years after the numures 
were sown), and submitted to meohanioal analysis. The results are 
given in Table XXXIX. The differences between the figures for 
Plote 16 and 17 are smaller than the experimental error. 

It would seem therefore that the effects of basic sh^ on the moisture 
content of the soil which are described in the preceding section are 
not due to any improvement in the mechanical structure of the soil 
that can be disclosed by the ordinary methods of mechanical analysis. 
This result must not of course be taken as indicating that the applica- 
tion of basic phosphates to heavy clay pastures, and the consequent 
development of the clover, does not affect the mechanical condition 
of the soU, but simply that under the conditions of this particular 
experiment the differences in the behaviour of Plots 16 and 17 at 
Homdon with regard to moisture cannot be attributed to changes 
in the mechanical condition of the soU on the respective plots. 

TaBLB XXXIX. MsOHAlinOAL AlfALYSIS OB THX SOIL AT HORKDON 
TO A. DEPTH OF 3 INCHES 



Ftaotion 


Plot 17 


Plot 16 
Untreated 

% 


PlotC 
Lime 

% 


Pinegravell 

GoaneMndt 

Fine sand 

CoareoaUt 

Pine Hilt 

Clay 

Lobs in solution j 
„ on ignition i 


203 
10-30 

19-63 

18-73 

27-68 

Undetomined 


1-82 
10-98 
18-61 
18-62 
27-74 
Undetermined 


2-27 
13-33 
2216 
17-38 
26-26 



THE EFFECT OF PHOSPHATES ON THE ACCUMU- 
LATION OF NITROGEN IN GRASS-LAND 

Field experiments at Rothamsted, and later at numerouB other 
places, have conclusively demonstrated that leguminous plants leave 
the soil richer in nitrogen in spite of the fact that they are highly 
nitrogenous themselves. ColIins[4) has shown that the application of 
phosphates, whether in the form of superphosphate or basic slag, on 
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Tree Held, Cookie Park, has resulted in a consideiable increase in 
the nitrogen content of the aoil. In 1 90S the percentage of nitrogen 
in the soil receiving phosphates was -236 %, whereas the untreated 
soil contained only *165 %. 

From analyses of the Tree Field soils in 1919 the results shown in 
Table XL were obtained. 

Table XL. Phbobhtagx of Nitbogbh in thx Son. 
OF Tbbi! Fceld, Cooklb Pabk 



Plot 




Nitrogen % 


4 
6 
8 


BadoBlBg 
Dotreated 
Super and lime tm Z905. 

Baaio alag and lime 

1906-1910 


■249 
■172 

-228 



Analyses of the soil at the rarions Essex experimental centres after 
interrals of four, three and two years show that the gain in nitrogen 
on the plota receiving phosphates is considerable. The results are 
given in Table XLI. 

Tablb XLI. Pebobhtaqb of Nitboosn in Fibst 9 inoebs ow Son. 





BoTJUiVR Cu^Y 


Loin>o»Ci.AT 


Chaik 




Martin's 
Heome 
3 years 


Famham 
3 years 


Bottwfietds, 

Latohingdon 

4y«arB 


Homdon 
2years 


Wendens 
4ye»ni 


Untreated plot 


•338 
-299 


•231 
-208 


■260 
•248 


•234* 
■210t 


■244 
■219 



' Average of 8 plots. 



f Arecage of 2 plots. 



At Homdon samples were witiidrawn from several of the plots in 
order to ascertain whether there was any difFer^ice in the influence 
of the various phosphates on the collection of nitrogen by the nodule 
organisms. The figures are set out in Table XLU. 

The sampling errors are probably considerable, and it would be 
unfair to argue too much from the comparison of one plot with 
another. If, however, the various rock phosphate plots are grouped 
together, the two basic slag plots, and the two untreated plote, more 
reliable data are obtained, as appears in the lower part of Table XLII. 
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The figures suffice to demonstrate that thece is no difference between 
rock phosphates and basic slag so far as their effect on the coUeotion 
of nitrogen is concerned, a conclusion which is borne out by the 
botanical analysis of the 1920 hay crop (Table XXXI, Fig. 11) and 
also by the botanical examination of the pasture in 1919 (Table XV, 
Plate VI). 

TABI.B XLn. Fbboeniaob of Nitboobn 

IN Vabious Plots at Hoendon 

Plot % nitrogen 

1 Florida pebble phosphate -240 

3 Algerian phoephAte ... -239 

6 Bade slag -244 

6 Untreated -212 

g{ OafBft rook phoaphat« ... -227 

11 Egyptian phosphate ... -247 

13 SaperphoBphate . . . -226 

15 SnperphoBphate and lime -222 

16 Untroated -208 

17 Baeioslag ... ... -226 

Average of Book phosphate plots ... -238 

„ two basio slag „ ... -236 



THE RELATION OF PHOSPHATES TO THE ACCUMU- 
LATION OF NITRATES IN GRASSLAND 

It has been suggested by Middleton(i6) that the secondary action 
of basic slag on pastures is due to the nitrification of the nitrogen 
accumulated by the nodule oiganisms, and that this resulting nitrate 
nitrc^en is responsible for the vigorous growth of grasses which 
foUows after the clover has been stimulated. 

In order to ascertain what effect the application of phosphates had 
on the production of nitrates in grass-land it was decided to make 
as far as possible weekly determinations of the nitrate nitrograt con- 
tent of the soil on t^e basic slag and untreated plots at three of the 
expOTimental centres. The centres selected were Martin's Heame, 
where the soil has a lime requirement of •2^ %', Lamboume End, a 
more sour type of soil with a lime requirement of -46 %, and Homdon- 
on-the-Hill, a 'sweet' soil containing a small reserve of calcium 
carbonate. 
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It -was realised, however, that the experiment waa Domplioated by 
the fact that the growing crops would probably remove nitrate as 
rapidly ae it was formed, and that the much heavier cro|» on the 
sh^ plots would make a bigger demand on the nitrate supplies than 
would the crop on the ontreated plots. 

To overcome this dlfificulty a supply of soil, taken to a depUi of 
9 inches, from the slag and untreated plots at Martin's Heame and 
Homdon-on-the-Hill was removed, transferred to Chelmsford, broken 
up, all the green growth removed, and then firmly packed into 10-inoh 
glazed pots provided with a suitable drainage outlet. Particular care 
was taken to consoUdate the soil in the pots by placing weights on 
the surface for some time and ultimately by tramping. The pots were 
placed in an open space under atmospheric conditions, and the nitrate 
nitrt^en in the soil determined every fortnight. Samples for analysis 
were removed both from the field and from the pof« by means of a 
small soil sampler similar to a cheese sampler. 

Estimation of the Nitrate Nitrogen. As soon as possible after 
the samples were taken — generally 4^6 hours in the case of the field 
soils and 30 minutes in the case of the pots — they were dried at a 
temperature of about 50*^ C. When dried the samples were finely 
ground Mid bottled. The nitrate nitrogen was estimated in the 6xy 
ground sample within four days of the sample being removed from 
the field. 

Method. From 60-100 gns. of soil were placed on a Biichner fimnel 
and washed with several portions of distilled water until about 400- 
600 c.c. of filtrate were collected. The filtrate was transferred to a 
conical flask and then rapidly concentrated to a very small bulk — 
about 50-60 c.c. with 10 c.c. of normal caustic soda. The concentrated 
liquid so obtained was diluted with distilled water and boiled again 
for 10 minutes. The flask was cooled and 1 gram of finely powdered 
Devarda's alloy added. The contonte were distilled into 10 o.o. of 
N/dO sulphuric acid, a specially prepared trap being used to prevent 
spitting. The burner was adjusted so that distillation proceeded 
slowly for about 5-10 minutes, at the end of which period distilla- 
tion was quickened so that about half the liquid passed over in 
30 minutes. Methyl red {•05 % solution in alcohol) was used as an 
indicator. 

The accumulation of Nitrate in the Pots. The soils representing 
Plots 2 and 3 at Martin's Heome were potted on March 29th, and 
16 days later the first nitrate determinations were made. The soils 
from Plot 16 (untreated) and Plot 17 (basic slag) at Homdon were 
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not removed and potted till April Idtb, the first nitrate determination 
being made aisteen daijs afterwardB on May 5th. 

The nitrate oontenta of the potted soils aa determined at varioua 
dates throughout the season are given in Table XLIIZ. 

Table XLIII. Aooumtjlation op NrrsATB in the Potted Soils 

FROM MASTIN*S HEABNB AND HOBNDON-ON-THB-HiLL 



HOBDOH-OK-THB 

London clay 



BlUD- 

foUin 
inohee 



Ni 



itrate nitrogea parts per million of dry soil 



Maroh29 


0-96 


112 


_ 


_ 


_ 


_ 


_ 


April 14 


816 


3B2 






1-89 


56-3 


Drains had ran 


19 






224 


112 








21 


fi-60 


3-60 






1-00 


64-4 


Dtaim"kwJran 


May 6 


6-16 


3-0* 


6^)4 


1-68 


0-68 


66-0 




19 


fi-62 


6-16 


5-60 


1-68 


0-24 


61-6 




June 6 


I2-8S 


5-01 


fl-62 


604 


210 


69-4 


Drains had ran 


17 


17-04 


5-60 


12-88 


6-72 


0-22 


64-3 




Joly 2 


22-96 


7-28 


22-40 


7-00 


1-04 


68-8 




14 


26-76 


7-84 


17-36 


6-84 


1-04 


63-3 




29 


22-40 


7-54 


20-14 


6-04 


1-66 


69-6 


Drains had nm 


Aug. 11 


U-56 


8-40 


16-24 


6-60 


1-37 


67-7 




26 


20-16 


18-48 


26-20 


4-48 


0-98 


71-6 




Sept. » 


19-36 


20-72 


28-00 


4-4g 


0-21 


66-6 




15 


23-52 


25-66 






0-13 


69-6 




27 


26-32 


10-64 


14-66 


7-84 


319 


68-8 


Drains hod ran 



The genera] trend of the figures for both centres is very similar. 
Thffl^ is a rapid aocmuulation of nitrate on the slag plots during the 
period May Idth to July 2nd. The results are illmtrated in Figs. 17 
and 18. The curves indicate a much greater and a much more 
rapid aconmulation of nitrate in the soil from the slag plots than in 
the soil from the corresponding untreated plots. This can only be due 
to one or both of two causes: 

1. The nitrification of the nitrogenous matter accumulated in the 
slag plots by the nodule oi^aoisms. 

2. The direct effect of the slag on the soil organisms which bring 
about nitrification. 

It is difScult to miderstand how the addition of a comparatively 
small amount of nitrogenous organic matter to the already big accu- 
mulation in the experimental soils can be responsible for such a 
difference. Particularly is this the case at Martin's Heame where 
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the QDlieated soil oontain -299 % of mtrogen and 1I-80 % of oiguiic 
matter (Iosb on ignition). It seems far more probable, therefore, that 
the result is mainly due to the direct efieot of the phosphates on the 
soil organisms bringing aboat nitrification. 
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Fis. 17. Nitmte oontent ot the Potted 8«^ (torn the Untrefttod Plot and the Buk 

Slag Plot, ftt HartiD'a Heame. SoS BouMm 0U7. Season 1020. Soil from 
Untreated Plot (3) Soil from Bade Slag Hot <2] . BainfaD — .. 
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Fig. is. Nitrate oontent of the Potted Soil from the Untreated and the Bade Slag 
Plots at Great Hnlgraree, Homdon-on-tlie-HilL SoU London day. Season 1920. 

Seal from Untreated Plot Soil from Bade Slag Plot . 

The difference between the sl^ and ontreated plote is striking, 
and seems to indicate, in view of the fact that the Martin's Heame 
soil is sour, that on both these types of soil a deficiency in phosphates 
is a more important factor in limiting nitrification than a defidenoy 
in lime. 
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There is a slightly greater accumulation of nitrate in the pot 
representing the untreated soil at Martin's Heame than in the corre- 
sponding pot for Homdon-on-the-Emi, which may be due to the fact 
that the former is a more open soil. On the other hand, it may be 
due to the fact that, although the soil at Martin's Heame is sour, 
it has a considerably higher content of total and available phosphoric 
acid than the soil at Homdon, The figures are as follows : 

HaBTIh's HXABMB HOBMDOK-Oir-THE-HlU. 

Total P,0, -(MB -078 

Available P«0( -0046 -0030 

lime ceqnireimeot ... 0-27 0-00 

At no period throughout the season does the nitrate content of 
the untreated soil from Homdon ever approach that of the soil 
receiTing basic slag. The two pots representing the treated and un- 
treated soils from Martin's Heame behave somewhat differently. 
Until August 1 1th the figures are comparable with those representing 
the Homdon pots, but during the hot spell which Bucceeded, there is 
a rapid accumulation of nitrate in both the Martin's Heame pots, 
and when sampled on August 2Sth and September 9th and 15th, 
the nitrate content of the slag and untreated pots was approxi- 
mately the same. The temperature during the period August Ilth 
to September 15th was higher than at any other period during the 
season, and although the pot drains did not run, there was a sufiicient 
precipitation to keep the soil moist. On August 18th-19th -88 inch 
of rain fell, and there was a fall of -10 inch on two consecutive days 
out of the remaining 13 days in August. Four out of the first five 
days in September were showery with a total precipitation of -21 
inch. There was no farther rain until September 14th, when ■ 13 inch 
fell. After the 16th September (which was the last dat« on which the 
nitrate content of the two pots was similar) until the 22nd the weather 
was wet, 3-19 inches of rain falling between the ISth and 22nd 
incIosiTe. The drains from both pots ran freely, but unfortunately 
the drainage water was not collected. From ^e 22nd to the 27th 
the weather was dry and hot, no rain falliag, and on the 27th when 
the pots were sampled the slag pot contained 26-32 parts per miUion 
of nitrate and the untreated pot 10-64 parts. The relative nitrate 
content of the two pote was therefore dmilar to what it had been 
up to August 11th. 

It la difScnlt to account for the curious results obtained during 
the period August 11th to September Ifith, It may be that under 



,y Google 



82 EFFECT OF PHOSPHATES 

the climatic conditions then prevailing the untreated soil at Martin's 
Heame ia capable of yielding Bu£Boient phosphate to enable nitiifioa- 
tion to take plaoe at a mnch more rapid rate than at any other time 
during the » 




Pio. 19. Mtrate content of the aoil on the Untreated and the Basio Slag Plots at 

Great Mnlgraves, Homdon. Soil London olay. Season 1920. 

Untreated Plot — . Basic Slag Plot . Moisture Content 



April 



J«ly 



Fio. 20. Biunfall at Qreat Mnlgraveci, Homdoa. Season 1920. 
If, as is postulated here, it ia correct, in view of these resulte, 
to assnme that the main effect of phosphates on the production of 
nitrate in soils well stored with nitrogenous organic matter is due to 
their action on the nitrifying oiganigms, it is possible to explain the 
laige increase in the hay crop obtained on the treated plots at 
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Lamboume End in 1919. The Tarions phosphates were not sown 
until January, 1919, and although clover was absent from all the 
plots throughout the season, the treated plots gave almost twice 
the yield of the untreated. The result was not due to any stimulation 
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"Pio. 21. Nitrate oontent of the soil on the Untzeftted and Basio Slag Plots at Hortiii's 

Heame. &»{ Boulder olay. SeaaoDl920. 

UntraatedHot . Bade Slag Plot . Moigture Omtent- 
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FlO. 22. Nitrata content of the aoil on the Uatreated and Baaio Slag Plota at Butoher'a 

Fann, lamboume End. 8eaflonl920. iSmI London Claj. 

Untreated Plot . Baaio Slag — — . Moiature Content — — . 

of the clover, and as the crop was composed entirely of grass and 
weeds, it seems probable that the much heavier crop on the treated 
plots was mainly due to the direot effect of the phosphates in stimu- 
lating the production of nitrates. 

6—2 
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Field Reitults, The nitrate figures for the samples of seal taken 
weekly from the slag and untreated plota at Homdon, Martin's 
Heame, and Lambomne End are given in Table XLI V and the results 
are shown graphically in Figs. 19, 20, 21 and 22. 

Table XLIV. Nitbatb Content op the Soils on the Basic Slag 
AND Untbbated Plots dubdtg 1920 



Lahboubni Emp Habtik's HxAsirB 



Plot 16 Plot 17 Plot 3 Plot 2 Plot 3 Plot 2 

Untreated Basio dog Untreated Baaio elag Untreated Baaio slag 



Parte per million of nitrogen as nitrate 



Mai. 15 


_ 


_ 


£WM 


2-8 


2-24 


2-80 


22 


2-8 


112 


2-24 


1-68 


1-12 


1-68 


29 


-6« 


2-80 


2-24 


2-8 


1-12 


-96 


Apr. 12 






2-24 


112 


1-68 


■56 


19 


1-12 


2-24 


£-6 


I-6S 


1-68 


1-68 


26 


2-24 


1-68 


1-68 


1-68 


2-24 


1-68 


May B 


4-4 


S-6 


2-8 


3-36 


2-80 


8-40 


10 


3-36 


1-68 


3-36 


4-48 


tt-04 


9-52 


17 


112 


2-24 






1-68 


2-24 


26 


2-24 


336 


112 


M2 


112 


2'80 


31 


2-24 


2-8 


1-12 


2-24 


112 


112 


Jnne 8 


4-48 


12-32 


3-92 


616 






14 


2-24 


6-60 


2-24 


2-24 


2-80 


2-80 


21 


6-7 


3-64 


2-8 


3-36 


448 


5-04 


29 


3-36 


1-12 


1-68 


2-8 


1-68 


2-80 


July fi 






2-8 


4-48 






8 


2-24 


2-24 










12 


1-68 


3-36 










13 






1-68 


6-72 


fi-60 


8-40 


19 






3-36 


1-68 


1-68 


5-04 


20 


336 


392 










26 


3-92 


2-24 


1-68 


2-24 


3-92 


1-68 


Aug. 4 


2-24 


5-60 


2-80 


5-04 


2-24 


4-48 


9 


2-8 


7-28 


1-68 


1-68 


3-36 


5-04 


16 


2-8 


5-6 






2-8 


2-24 


21 


5-6 


3-36 










23 






3-92 


6-92 






24 










3-36 




31 


3-92 


1064 


3-92 


6 16 


S6 


504 


Sept. 7 


7-28 


112 


112 


2-80 


6-72 


4-48 


20 


2-80 


1-68 


1-.2 


1-68 


0-56 


1-12 



The curves at all three centres have a general similarity of appear- 
ance, and they demonstrate that at certain periods during the season 
there is a much greater accmnidation of nitrate in the slag plots 
than in the untreated. 

Even on the very sour soil at Lamboome End nitrification seems 
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to be much more active in the altig plots than in the untreated. There 
is a distinctly greater aooumulation of nitrate during the periods 
May 5t^ to 10th, May Slat to Jane 8th, July 5th to 17th, August 4th 
and August 23rd to September 7th. Reference to Fig. 19 shows that 
these periods roughly correspond to those periods at Homdon durii^ 
which there is a much greater acctunulation of nitrate in the slag 
plots, and with two exceptions, viz., May 31st to June 8th, and 
August 23rd to September 7th, these dat«fi hold good for Martin's 
Heame. On June 8th samples were not taken from Martin's Heame, 
so this exception is easily accounted for. The figures for this centre 
for August 23rd to September 7th are curious. There is an accumula- 
tion on both the treated and untreated plots, but it is greater on the 
untreated than on the slag plot. Reference to Fig. 17 shows that 
the same result was obtained from the pots, and that at this period, 
and only at this period, did the nitrate in the untreated pot accumu- 
late to an extent at all comparable with the slag pot. Tbia result in 
the field would seem to lend some we^ht to the su^estion that at 
this, period of the season the soil on the untreated plot has been able 
to furnish suffioi^it phosphoric acid to meet the requirements of those 
oi^amsms engaged in the production of nitrates. 

These results are not in accordance with the conclusions come to 
by RnsseU(3S). As the result of his work on the "Mtrate Content of 
Axaible Soils," he says: "that only in one year (1911) was there any 
evidence of the oi^anisms responsible for nitrification being retarded 
by a deficiency of phosphates and potash." It must be noted, however, 
thai the soil even on the untreated plot of Broadbaulk Field contains 
considerably more phosphoric acid (-114%) than the soils at Homdon, 
Martin's Heame, or Lamboume End. 

It is of interest to note that at Martin's Heame and Lamboum« 
End periods of high nitrate aocumul&tion coincide as a rule with 
high moisture content of the soil, whilst at Homdon they coincide 
with periods of low moisture content. At Martin's Heame and at 
Lamboume End the periods of high nitrate accumulation on the 
slag and untreated plots occur as a rule at the same time (Figs. 21 
and 22). 

At Homdon, on the other hand, periods of high nitrate accumula- 
tion on the untreated plot follow, about a week later, similar periods 
on the slag plot. This difference might possibly be due to some 
influence the crop may have on nitrate production, but Rusaell{3S), 
when investigating this subject, was unable to secure any definite 
data supporting such a contention. 
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-It may be that an inadequate supply of available phosphoric aoid 
on the untreated plot prevented the crop from utilising the aocuma- 
lated nitrate when suitable conditions occur, and that the subseqaeat 
depreeeionfi in the nitrate content are due to rain washing the nitrate 
down to below the 9 inch level. 



THE INFLUENCE OF PHOSPHATES ON 
SOIL BACTERIA 

At the Buggeation of Dr Busaell an attempt was made to ascertain 
what effect, if any, the application of phosphatee baa had on tho 
8oO bacteria. Preliminary counta were made at Rothamsted during 
the antumu of 1919, but the results were contradictory. 

Pfaofiphates are essential for the development of all types of 
bacteria. Fred and Hart(B] in an inveet^ation on the comparative 
effect of phosphatee and sulphates on ami bacteria show that phos- 
phates increase the number of soil baotetia, and they suggest that 
increased crop production of a soil resulting from the application of 
solnble phosphates is in part due to the promotion of bacterial 
activity. The work of Hoffman and Hammer(io) demonstrates that 
phosphates greatly inoreaae the amount of nitrogen fixed by Azoto- 
baot«r and they came to the conclusion that for this purpose di- and 
tri-caldom phosphates are more effective than mono-caloium phos- 



The soils at Martin's Heame and Eomdon are very deficient in 
phosphoric aoid imd if any positive results were to he obtained it 
seemed probable that it would be at these two centres. Samples for 
bacteriological examination were taken every month from Afarch to 
Aognst. The samples were secured by means of a small soil sampler 
which removed a 9 inch core of about ^ inch diameter. The sample 
from each plot consisted of four cores. Before use, the soil sampler 
was sterilised by means of a methylated spirit lamp, aad the samples 
when drawn were placed in previously sterihsed bottles. 

The total counts for the treated and untreated plots at Martin's 
Heame and Homdon are given in Table XLV. 

There is very httle difference between the bacterial counts repie- 
s^iting the two plots at Martin's Heame, and apparently phosphate 
has bad little effect in this direction. 

The two plots at Homdon show decided differences. During the 
months of May, June and July th^re are twice as many baotOTia in 
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the alag plot as on the untreated, bat in April and Augnst the poaition 
of the two plots in this reepeot is reversed. 

Whenever possible during the season counts of the Azotobacter uid 
nitrate oiganisms were made. The results are set out in Table XLVI. 

Table XLV. Baotbeiai, Counts (in thousands) at Martin's 
Hbabitb: akd Hobndon. (Agar-Albumoae media) 





UAxra-e 


Hbakne 


HoBjn>OB 


Date 


Plots 


Plot2 


Plot 16 


Plot 17 






Bade Blag 


Untreated 


BasioBlBg 


1920 










March 6 


2935 


4632 






26 


676 


1234 






April 26 
J&y 25 


1640 






2783 


6S69 


3810 


8235 


19660 


Jnne 25 


6206 


6039 


6349 


9303 


July 20 


6347 


4500 


4120 


8668 


Aug. 17 


7070 


7211 


8609 


4000 



Table XLVI. Counts of Azotobacfbr and Nitbatb Obganisms 

IN THE Soil at Martin's Hkabnb and HoKtTDON. 

(Thousands per grm.) 





AZOTOBAOTEB 


NiTBATZ OBGAinaKa 


Date 


Martin' 


Heanie 


Homdoa 


MartJn-sHeame 


Homdon 




Plots 
0DtnM«d 


BHktUt 


trSS^ 


BHicilx 


vl^i^ 


S^OMg 


uft^tald 


^'^ 


1920 
Hav25 
June 21 
July 19 
Aog. 17 


4722 
2154 
1330 
3302 


4837 
1736 
1771 
4686 


1800 
1082 
1031 


7828 
3171 
4983 


149 


298 


483 

1600 
2680 


2903 

mi 

8411 



There are no important differences between the numbers of Azoto- 
bacter pres^it oa the treated and untreated plots at Martin's Heame, 
but at Homdon these soil organisms have been consideiably developed 
by the application of phosphates. 

The nimibers of nitrate producing orgamsms have been greatly 
increased on the basic slag plots at Homdon, a result which is in 
keeping with the much greater amounts of nitrate found in this 
soil throughout the season, (Tables XLTU and XLIV and Figs. 18 
and 19.) 
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It is difficult to explain why at one centre the numbers of bacteria 
should show marked increases as the result of the application of 
basic slag, whilst at another centre, where the effect of the basic 
sh^ on the crop is quite as marked, the bacterial content does not 
appear to have been appreciably affected by the apphcation of basic 
slag. It may be that the lack of effect at Martin's Heame is doe to 
the sourness of the soil, but coimte made on the portion of the basic 
slag plot which had received a dressing of ground lime in April 1920 
showed no appreciable advantage in this respect over that portion 
of the plot which had not been so dressed. 
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FACTORS LIMITING THE YIELD OF HAY 

AND THE ACTION OF PHOSPHATES ON 

HEAVY CLAY SOILS 

THE EFFECT OF RAINFALL ON THE YIELD OF 

HAY FROM THE UNTREATED PLOTS 

Xhb weight of the hay crop on the untreated plot at each of the 
experimental centres vaiies within very wide limita from year to 
year. When a dry season is experienced the crop is often a failore, 
whilst the same plot given a moister and more favourable season 
may reach the comparatively high production level of two tons to 
the acre. 

In Table XL VII the yield of hay on the untreated plots for the 
years 1916-20 is compared with the rainfall for the period May Ist 
till harvest at the corresponding rainfall statjons. The lesnlta for 
four of the centres are shown graphically in Figs. 23 and 24. 

Tablb XLVII. Compabison of the Weights of Hay on the 
Untbkatbd Plots and thb Radtfall fbom Mat 1st tiu:. 

HaBVBST at thb VABIOirS EXFBBIUEKTAL CENTBES 



EXPKtnCBNTAL 
CZNTRX 




1916 


lftl7 


1918 


1919 


1920 


TjwaHiU 


Hay owts. per acre 
BmhIsJI in mohea 


31-6 
5-94 


20-4 
5-36* 


17-7 
4-47 


11-6 
2-87 


38-3 
9-34 


Martin'fl Heame 


H»y owts. per sore 
Rainfall in inohea 


- 


14-3 
6-27 


23-4 
11-51 


10-4 
2-86 


220 
8-37 




Hay owtB. per acre 
RamfaU in inches 


- 


- 


- 


13-2 

3-08 


21-4 
fl-27 


Huaobury 


Hay cwts. pei aoie 
RainiaU in inches 


- 


Ill 

4-82 


23-4 
7-73 


10-9 
0-68 


- 


Wendens, 
SafbonWalden 


Hay pwts. pet acre 
Ramf all in inohea 


61-2 
400 


25-4 
4-OOt 


33-4 
2-44 


14-3 
0-63 


25-0 
2-42t 


BntterfieHs. 
Latchingdon 


Hay owtB. per aore 
RunfaU in inches $ 


31-4 
3-41 


14-6 
2-32 


20-1 
2-51 


20-» 
1-47 


16-1 
2-28 



* -71 inch of rain fell three days before ptot« wete oat. 
t 2-32 inohea of rain fell on May 20th, 1917. 
X -51 inch of rain fell two days previous to oattiog. 
S Rainfall figores for period May Ist till Jane 30th. 
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The figoree for the centre at Wendens are perhaps the moat striking, 
the hay crop on the untreated plot varying from 51 cwts. to 14 cwts. 
per acre. Similar, although not quite so marked, fluctuations occur 
at all the other centres. The yearly rainfall figures afford no adequate 
explanation of these differences. At Wmdens, for example, the rain- 
fall for the year was 27-33 inches in 1917, and in 1918 when a bigger 
yield of hay was obtained, 25-68 inches. The distribution of the 
rainfall, however, seems to foe of great importance, particularly during 
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lochn of Rainfill, 11*7 1 till Hurwt 

FiQ. 23. Inflnenoe of Raiatall on the Yield t& May on the Untreated Plots at 
l^gea TTill # and Martin's Heame O- 

the months of May sad June. If the rainfall figures for the period 
May 1st till harvest are tabulated with the yield of hay on the un- 
treated plot, as is the case in Table XL VII, it will be aeen that, with 
one or two exceptions which can be readily accounted for, there is 
a very close connection between the two sets of figures. 

The rainfall figures have been taken from the records of the British 
Rainfall Organisation. Their station at Havering-atte-Bower ia within 
two miles of each of the first three experimental centres. At Hasso- 
bnry there is a rainfall station on the farm, whilst at Saffron Walden 
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and Latohingdon the respeotlTe rainfall Btationa are within from two 
to four miles of the ezperbneDtal centrea. 

The curre repreeentiiig the correlation of the hay yield with the 
rainfall at Safiron Walden is a very ateep one, and shows quite 
distinctly that runfall is the moet important factor. 

At Tysea HUI and Martin's Heame even a high rainfall from the 
Ist of May till harvest of 9-34 inches and 11*61 inches respectiTely 




InchM df JUinl*^; H>y 1 tiU HwTMt 
Fio. 24. Influence of Rainfall on the YieM of Hay on the Untreated Plote at 
Wendena #, Butterfielda ®, and Cookie Park ■• 

produce crops of only 38-3 cwts. and 23-4 cwts. The manurial factor 
is clearly of greater importance at these two centres and particularly 
at Martin's Heame. The curves are not nearly so steep as at Safiron 
Walden, and there is a much greater response to manuring. 

At Latohingdon the rainfall has more influence on the crop than 
at Martin's Heame or Tysea Hill and less than at SafEron Walden. 
It was difficult to get any correlation between the rainfall and the 
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yield of hay cm the untreated plot at thus centre. Owing to a wet 
Joly in 1918 and 1920 the crops had to remain unout during a spell 
of vet weather, which had little or no influence on the growth of 
the crop. In order to OTorcome this difficulty the rainfall figures 
from let May to June 30th have be«i taken for each year. One point, 
in the curve falls far out of line, namely that representing the rainfall 
and the hay yield for 1919. The reason for this divergence, however, 
is dear. .After an exceptionally dry May and June, the first week 
of July voB wet, -47 inch of rain fallii^ on the 2nd of the month 
and -29 inch on the 3rd. The crop was not cut till three weeks 
later, and daring that time considerable growth was made, particu- 
larly by the clover plants. If the rain falling on the first four days 
of July is taken into consideration the divergence of this particular 
point is rectified. 

In Fig. 24 the effect of rainfall on the yield of hay from the un- 
treated plot at Tree Field, Cookie Park, is shown, and the curve 
affords an interesting contrast to those representing the Essex centres. 
At Cookie Park rainfaU does not influence the yield of hay on the 
imlxeated plot, whilst in Essex rainfall at certain centres is the most 
important limiting factor, and at all centres it has a great influence 
on the yield of hay. 



THE EFFECT OF RAINFALL ON THE YIELD OF HAY 
FROM THE PLOTS RECEIVING PHOSPHATES 

The field experiment« recorded show that at all these centree the 
apphcstiOQ of phosphates residts in a considerable increase in crop. 
The increase is least at Saffron Walden and greatest at Homdon. 
The results at Tysea Hill indicate, however, that even poor as this 
soil is in phosphoric acid, the heavy dressing of 200 lbs. of phosphoric 
acid pOT acre is more than the soil reqiures over a period of five years, 
as eqiudly good results accrue from the lighter dressing of 100 lbs. 
In Figs. 26 and 26 the increase resulting from the apphcation of phos- 
phates at each centre is correlated with the rainfall. It will be seen 
that at Latchingdon and Saffron Walden the increase in the hay 
crop on the phosphate plot« steadily progresses with the rainfall, 
clearly demonstrating that rainfall is the controlling factor, and that 
with the limited rainfall at these centres little or no increase may be 
expected from other than phosphatic manures. At l^sea Hill and 
Martin's Heame on the other hand the increase in the yield of hay 
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due to phoepbate variea within extremely narrow Hmits, and is not 
dep^ident apon the Fainfall. The ourre for I^sea Hill ie a perfect 
li m iti n g factor ourre and indioates that some factor other than the 
rainfall and phosphates is limiting the yield of hay. The absence 
of any increase in yield due to phosphates in 1920 is curious. The 
season was a particularly favourable one, and owing to the rainy 
weather in July and the b^pnning of August the crop was not cut 
untU August 23Td. As will be shown later, at least half of the original 
dressing of phosphoric acid applied in 1915 was still present in the 




Inchu el Btiatill Miy 1 tifl HvTMt 

Fig. 2S. Influence of Rainfall on the Increase due to Phoephatee at 
Wenden* 9 and Bntterfielda . — O- 

soil in an avaUable form in October, 1919, so that the negligible 
increase of the treated plots over the untreated in 1920 cannot be 
due to a deficiency in phosphates. It can only be concluded, therefore, 
that with a high rainfall (9-34 inches from May Ist till harvest) and 
a long growing period, no increase will be obtained from phosphates, 
unless the second limiting manurial factor is first satisfied. The curve 
for Martin's Heame closely resembles that at Tysea Hill, and as the 
two fields are on the same soil formation, have practically identical 
chemical and mechanical compositions, and are only a short 
distance apart; the result at Martin's Heame satisfactorily confirms 
the conolosion that a second limiting factor comes into operation as 
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soon as the need for phosphates is sfttisfied. The soil at Martin's 
Heame ia appreoiably poorer in total and aTailable phosphoiio aold 
than at Tysea Hill, and even with a rainfall of 1 1 inches from May Ist 




till hay harvest and a long growing period (cut August 10th), the 
8oil cannot provide an adequate supply of phosphates. 

It is too soon to draw definite conclusions from the results at 
Lambonme End and Homdon-on-the-Hill. There are indioationa 
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that once the need for phoapliateB has been satiafied at Lamboame 
End the hay crop could be increaeed by the addition of some 
other eaaential plant food. It seems very probable, however, that 
at HomdoD-on-the-HiU, after the need for phoephateB has been 
satisfied, rainfall is the limiting factor as far as the hay crop is 
concerned. 



THE SECOND LIMITING MANURIAL FACTOR 

It has been previously stated that the experiments were started 
with the object (A ascertaining the relative manorial value of various 
types of insoluble phosphates. No attempt was therefore made to 
include dressings of potassic and nitrogenous manures. Oat of the 
dght experimental centres dealt with here there ate two — Hassobnry 
and Famham — at which the response to phosphates, measured by 
the hay crop, is n^|Ugible. A very marked improvement in the 
quaUty of the meadow has resulted at Famham, as has already been 
pointed oat (Table XIH), but evea in a favourable season the 
increased weight of hay resulting from the apphcation of the various 
phosphates has been very small indeed. Moreover, the productive 
level of this type of soil is exceedingly low, and the same remark 
apphes to Hassobury, where also the crop seldom passes the 10 owts. 
per acre level. 

An exunination of the analytical data presented ia Table VII 
shows that the Hassobury soil is reasonably well supphed with phos- 
phoric acid, and has, in fact, practically twice as much available 
phosphoric acid as any of the other experimental soils. The percentile 
(rf available phosphoric acid is well above Dyer's limit of O-Ol %(T). 
This is not the case at Famham, where the soil is markedly deficient 
in available phosphoric acid, and it seems reasonable to conclude 
that a deficiency of another essential plant food is the cause of the 
low jnoductivity at Hassobury, and is prevenldng a response to the 
dressings of phosphates apphed at Famham. 

Both soils are well supphed with nitrogen, and as readily available 
nitrogen has been slowly accumulating at Famham without having 
any appreciable effect on the hay yield, it does not seem that a lack 
of nitrogen is responsible for the poor crop returns. The Hassobury 
soil, though devoid of calcium carbonate and possessing a Hutchinson 
and MacLeiman lime requirement of -13 %, gives no response t» the 
heavy dresaing of lime applied to Plot 15. Moreover, the soil at 
Famham has an adequate supply of calcium carbonate. The low 
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level of production at these two centres is clearly not due to soil 
floomesa or lack of lime. 

Table XLVm. Cbjosioal Anai<tsi9 ot the Soils 
AT Hassobuby and Fabnhau 





... 0-180 


Fambam 

% 

0-206 


intzogen 


LowaiigiutiDB ... 


... 7-23 


»-23 




frOO 


0-45 




0-190 


0-118 


ATailftbki „ 


0«1S3 


0-0050 


Tot&Ipotaah 


0-436 


0-644 


AvaiUble potMh ... 


O'OIM 


0-0106 




0-13 


0-00 



The Hassobory soil has a loww content of 'tot^ potash' than 
the other oentree, but the Fumham soil is better off in tMa respect 
than several of the other centres. At both stations, however, the 
'available potash' is markedly lower than in any of the other clay 
soils, and although in both cases the figure is distinctly above Dyer's(T) 
limit, it seems difficult to ccmie to any other conclusion than that a 
soil defidenoy in available potash is responsible for the poor yields 
of hay at these two centres. 

At two of the remaining centres, namely Tysea Hill and Martin's 
Heame, the curves in Fig. 26 show the operation of a second limiting 
factor which comes into play after the need for phosphates has been 
satisfied. 

The soil at both these centres is very similar in composition. It 
is well supplied with oi^anio matter and nitrogen, and as this store 
has been considerably added to by the acctunulated residues from 
clover plants, it does not seem probable that there is any deficiency 
in nitrogen. 

Both soils are sour. They contain no calcium carbonate and have 
a high lime requirement. Nevertheless the production of nitrates in 
this soil compares very favourably with that at other centra better 
snppUed with calcium carbonate and where the soil is sweet. (Compare 
Figs. 21 and 19.) 

At Martin's Heame and Tysea Hill the plots were cross dressed 
with lime at the rate of 35 cwts. per acre during the early part of 
1920, and at Martin's Heame another plot was marked off and 
received a dressing of approximately 10 tons of farmyard numure 
to the acre. The results are recorded in Table XLIX. 
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There is ft small gain due to lime at Martin's Heame, bat considering 
that the 1920 season was a particiiUurly faTOOzable one for the hay 
crop the result suggests that very httle can be expected from lime 
until some other fertilising constituent is supplied*. The same con- 
clusion holds true for Tysea Hill , where the increase due to lime is 
insignificant. In taking the average it is probably not fair to include 

Tabls XLEX, Effbot of Cross DaBssiNa with Ijme at Martin's 
Hbabnb attd Tysoa Hill 



MABXra'aHsAaNS 


Tysea Hill 




Hayowts. 




Hayowts. 


Plot 


poraore. 


1920 


Plot 


per acre 






Unlimed 


limed 


Untimed 


Limed 


1. OpenhMrth 

(floonpu) slag 


28-4 


28-6 


1. High grade basio 


48-2 


401 


2. Ditto, high soluble 


31-9 


36-3 


2. Gafaa rock phoa- 


















3. Untreated 


230 


26-fi 


3. Untreated 


38-3 


36-0 


4. Ooba phosphate 


35-2 


3Hfl 


4. Opra hearth 












(fluorBpar) slag 






«: !^^pS^*te 


290 
34-6 


31-6 
34-7 


6. I>itto,highBolnhle 
6. Ditto 


40-2 
421 


41-« 










46-6 




S^,^— 


40-3 


387 












phosphate 
















48-4 








9. Same as 6 


44-8 


43-0 








10. Same as 4 


44-8 


46-3 


Average 


31-8 


33-5 


Average ... 


43-7 


43-9 


Inches of rain. May lat 

till harvest 


8-37 




9-34 


Lime requirement 


■27% 




■29% 



the results from the untreated plots, because it may with reason be 
argued that no result from the application of lime could be expected 
until the need for phosphates was first met. If the figures for the 
untreated plots at Tysea Hill are excluded, the average yield becomes 
44-1 cwts. per acre on the unlimed plots and 46-0 cwte. per acre on the 
limed plots, giving an average increase of 0-9 cwt. in favour of lime. 

The response to farmyfurd manure on Plot A at Martin's Heame 
is significant. Assuming that 10 loads of farmyard manure are 
equivalent to 8 tons, and that the farmyard manure contained -4 % 
of phosphoric acid and -4 % of potash, this plot received in addition 

* The yields of hay toe 1921 show equally poor rettinu from the nse of lime. 
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to other materials a dierang of phoaphorio acid and potash equivalent 
to about 72 lbs. of eaoh per acre. This amoont of phosphoric aeld 
was preeomablf sufficient to meet the reqniremraitB of the 1920 
season, and it is therefore interesting to note what effect the dressing 
of potash had'. 

There was no doubt throughout the whole season that the farm- 
yard manure plot was the best on the field. For the first time that 
portion of the field not within the experimental area, and which had 
received a similar dressing of dung, looked better and bore a better 
crop thut the experimental plots. 

The average weight of hay on the phosphate plots was 31-8 cwts. 
per acre, and on the plot receiving a small dressing of phosphates 
and potash in the form of dung 40-3 cwts., leaving a gain of 8-5 cwts. 
per acre which can only be attributed to potash. 

Daring the whole season the plots were inspected once a week, 
and it was early evident that the clover was making a more vigorous 
growth on the farmyard manure plot. Owing to an oversight a 
sample of hay was not removed from this plot for botanical analysis. 

The aftermath was fdlowed to grow until the beginning of October, 
and not only was thwe a more vigorous growth, but the bottom of 
clover on the farmyard manure plot was closer and more regular 
than on any of the other plots. 

In view of the evidence there can be little doubt that on this 
type of soil, after the need for phosphate has been met, potash is the 
second limiting mannrial factor. Moreover it is very probable that 
in all but the exceptionally dry years a profitable return from the 
application of potash will be secured. It should be possible by 
judicious application of phosphates and potash to raise the produc- 
tion of meadow hay to the 2 tons on acre level in all but exceptionally 
dry years. 

Such results serve to confirm the conclusion that potash is the 
second limiting manurial factor at Hassobuiy and Famham, and 
they incidentally suggest that on grass-land in Essex profitable results 
from the apphcation of potash ore likely to accrue when the soU 
contains less than -03 % available potash — a figure considerably 
above Dyer's limit. 

' It is very improbable in view of the partioularly moist seaaon that the o^anio 
matter <»' the nitrogea in the f&nnyard manure plot had any efieot on the yield <d 
hay. The meadow has been down to graBs for at least 80 yean, and a large store d 
oiganio mattar and nitrogen has been a«enmulated. The action ot lime would pre- 
sumably be to release these materials for the plant, and the lack of response to the 
application of lime suggeata that the soil can normally provide all the nitrogen the 
crop requires in a suitable form. 
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THE ACTION OF BASIC SLAG ON THE 

ACIDITY OF THE SOIL AS MEASURED 

BY THE 'LIME BEQUIRBMENT' AND 

HYDROGEN ION CONCENTRATES 

OF THE SOIL 

It ia a matter of common knowledge that olovets, pairtaoularly 
wild white clover, are very sensitive to what is vi^^ely called soil 
acidity. The extent to which the clover plant is able to persist on 
a 'sour' soil probably depends, however, not only upon the d^ree 
of acidity as measured by the soil lime ret^uirements, but upon such 
other factors as climatic conditions and the water holding capacity 
of the soil. 

On the Harpenden Common, Hutchinson and MacLennan^ found 
that wild white clover persisted where the soil had a lime requirement 
of -22 %, and they Ulustrate this by the following table. 

Table L. Bslation of Limb Bbqdibbicbnts of the Soil 

TO THB VbQBTAUON OK HABPBNDBN COMMON 

Dominaat flora 
Approx. 0-22 % CaCO, Wild white olovet 

„ 0-26 „ Feeooes 



0-31 
O30 
0-43 



Mixed; ^f&aow, woodnish and moss 

Gorse 

Torkahire fog 

Sorrel 



The botanical analyses of the hay at the various Essex experi- 
mental centres shows that on poor heavy clay soils basic slag la able to 
induce a vigorous growth of clover even if the soil has as high a lime 
requirement as -45 %. The ability of the clovers to persist oa such 
sour soils is, however, in Essex at any rate to a great extent dependent 
upon the distribution of the rtunfall. 

A comparison of Tables XXXII and XXXIII shows that during 

a moist growing season clovers form a large proportion of the hay 

crop on the basic slag plote, even when the soil has as high a lime 

requirement as -iS %. On a dry season, however, clovers are absent 

' Jownai of Agrie. Saaue, vu. p. 102. 
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from the hay crops on all soila with a Ume reqoiiement between -13 
and -45 %, but are present on meadows which contain a small reserve 
of calcium carbonate, and whoae lime requirement is negligible. The 
absence of clover (which 'fills up the bottom') during a diy season 
adversely affects tjie yield of hay, and any factors which tend to 
produce conditions onfavourable to the clover plant obviously limit 
the yield. 

The acidity of the soil as measured by its 'lime requir^n^at' does 
therefore to some extent limit the action of basic slag, and it becomes 
of importance to ascertain to what extent the application of basic 
slag ^ects favourably or unfavourably the acidity of the soil. 

Tablx U. Ltuh Rbqcibbment and Ph. VAiiUB or the Soils 
IN TKB Basio Slag and Untbeatbd Sona at thb Vabious 

ExPBBIHBirrAL CENTBS9 





(loelMiwiiplM 


Ph 


Ttln* 


SbuAMMmplM 


Cutn 








B^lodM 


UDtHBtod 






BulB lUf rntmted 


n- ""ir 


Ty»eftHUl 

Martin'B Heame ... 

FArnham 

Latchingdon 


■30 
-29 
■01 
■04 


•29 
■27 
■00 
■03 


6-2 
6-3 

7-4 
7^5 


6-2 
6-2 

7-6 


•3C 
■03 


•31 

■Oi 
■13 



Samples of soil to a depth of nine inches and three inches were 
removed from the basic slag and untreated plots at several of the 
experimental centres during October 1919. The lime requirements of 
all the soils were ascertained tmd in some cases the Ph. value also. 
The results are set out in Table LI. 

In every case the lime requirement fignies are high^ for the soil 
on the basic slag plots than on the untreated, and although the 
differences are not great, they suggest that the apphcation of even 
a heavy dressing of basic slag is not sufficient to counteract the 
acidity which develops from the decaying organic matter which 
accumulates on such plots. The Ph. values also show but small 
differences, and with one exception, namely, the soils from Martin's 
Heame, they confirm the lime requirement figures and indicate a 
tendency towards greater acidity on the basic sUig plots. 

As it seemed probable that the continued use of basic slag over a 
long period of years would accentuate this tendency, samples of 
soil were secured from Plots 4, 6 and 8 at Tree Field, Cockle Park, 
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through the courtesy of Professor Gilchrist, and the lime require- 
ment of the soil determined with the results given in Table LU. 

The acidity of the soil on Plot 4 is quite appreciably greater than 
on the untreated plot in spite of the fact that it has received, during 
the twenty-four years the experiment boa been in progress, a total 
dressii^ of about two tons of basic sl^ to the acre. The botanical 
analyses of the hay from Plot 4 show moreover that it is not possible 
to maintain a permanent bottom of clover on this plot, and were it 
not for the comparison with Plot 8, it might reasonably be assumed 
that the somness of the soil was responsible for the partial failure 
of the clover plant. Plot 8, however, has received a dressing of lime 

TabIiB LTT. Lime Reqxjibbmbnt ob" Son, Samples fob Plots 4, 6 

AND 8 AT Tree Field, Cockle Fabk 

SoU Samples taken 1919 





Trbatmbnt 


Lime 

CaCO, 

% 


CaCO, 
content of 




P.0, per acre) 


% 


4 

6 
8 


S owtB. of basic aloe ererv three yean (1897-19101. 

Uat dresdng 1918 
Untreated 

three yearo (1897-1906). 6owW. basic Hlao+ 1 ton 
ground lime every three years (190fr-19I9). Laet 


0-23 
0-20 

007 


(MM 
0-028 

029 



every three years since 1897, and since 1905 each application has 
been at the rate of 1 ton per acre, the plot receivii^ in the form of 
basic slag the same amount of phosphate as has been appUed to 
Plot 4. In all five tons of lime have been apphed to the plot, more 
than four times the amount required to satisfy the lime requirement 
of Plot 4. There is now a small reserve of calcium carbonate in the 
soil on Plot 8, but in spite of this fact the soil has still a small 'lime 
requirement ' and neither the crop nor the herb^e axe any better 
than on Plot 4. 

It seems fair to conclude from this evidence that the continued 
application of heavy dressings of basic slag over intervals of three 
years doee not suffice to supply the lime requirement of heavy clay 
soils under grass. On the contrary the results indicate that such 
soils are Uable to become even more sour than similar soil left 
untreated. 
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Although on sour olay soils basio sli^ fails to muntain a pemument 
plant of doTer, yet the addition of heavy dresHiiigs of lime fails to 
improve matters in this respect. At Cockle Park, a more vigorous 
growth of clover follows each suooesBive dressing of slag, whilst in 
Eesez on soilA well supplied with oaloium carbonate there is no 
diffionlty in maintaining a permanent bottom of clover by the applica- 
tion of phosphates. (See results from Safiron Walden.) 

Why thb Cloveb Plaiit Fails at Cockle Pabk 

The most important conditions neoeesary for the proper growth 
and development of the clover plant in conjunction with the variouB 
grasses ate: 

1. A suitable supply of phosphate. 

2. A suitable supply of potash. 

3. The presence of calcium carbonate in the soil. 

4. Constant grazing to prevent the grasses shutting oat the 
light and air, and thereby choking out the clover plant. 

At Cockle Park the plots have been graced by sheep annually, so 
that tile conditions in this respect are the most favourable possible 
for the permanent establishment of a bottom of clover. Potash in 
addition to bade slag on Plot 7 has not materially increased the 
returns, nor has it benefited the clover plant, and as has been indicated 
previously, no better resulte have attended the addition on Plot 8 
of ground lime to the standard dressing of basic slf^. 

A comparatively heavy dressing of phosphates (equivatrait to 
100 lbs. PiO| per acre) has been given to Plot 4 every three yeus 
and it would seem scarcely probable that a lack of phosphate was 
the cause of the wild white clover plant being unable permanently to 
establish itself. Keverthelees, if the botanical composition (tf ^e 
herbage is examined over a period of years, it will be noted that 
following every dressing of basic slag there is a marked response by 
t^e clover plant. The resulte on Plot 8 apparently preolade any 
possibility of the lime in the basic slag being responrable for the 
improvement. By a process of elimination one is forced to oonolnde 
that the various dressings of basic slag have never sufficed to meet 
the need for phosphates, and that at Cockle Park the level of produc- 
tion could be still further raised by increasing the dressing of phos- 
phoric add or by repeating the present standard dressing at more 
frequent intervals. 

With the object of obtaining more precise information on this 
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point, the total phosphoric acid in the Boila from Plots 4, 6 and 8 

was determined with the following resulta: 

I9I9 

Plot 4 -088 % P,0. 

„ 6 <B2 „ 

» 8 -076 „ 

Plot 6 untreated at the beginning of the experiment contained 

•071 % of phosphoric acid. Plots 4 and 8 have each received 800 lbs. 

of phosphoric acid during the period of the experiment, sufficient, 

were there no losses, to raise the soil content of phosphoric acid to 

■107 %. Although the soil samples were removed less than two years 

after the previous dressing of basic slag had been supplied, it will 




Fia. 27. Live Weight Gains oa Bamo Slag and Untreated Plots at Cookie Park. 
Rwt Period, 1897-1906. Bade Slag Plot (3) . Untreated Plot (6) , 

be noted that the content of phosphoric acid in the soil on Plot 8 
is Uttle better than at the beginning of the experiment, vid that the 
reserve of phosphoric acid in the soil from Plot 4 is much less than 
might have been anticipated. If the suggestion that phosphoric acid 
is still the limiting factor is correct, it would be natural to expect 
Plot 4 to give superior results to Plot 8. This is in fact the caseiiai, 
and the inferiority of this latter plot over Plot 5 is not due to the 
depressing effect of lime on the hve weight gain, but to the fact that 
the soil on this particular plot contains a smaller supply of phosphoric 
acid than on Plot 4. 

If the increase in live weight gain from Plot 3* over Plot 6 at Cockle 

Park during the period of the experiment is plotted out ae is done in 

* ReceivBB 200 Ibe. of phoBphorio acid as Baaio Slog every six yeus. 
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FigB. 27 and 28, it will be seen that each Buccessive application of 
baeio Blag results in a big increase in live weight gain during the two 
seasona following ita application. Thereafter the live weight increasea 
rapidly decline until a fresh dressing is applied, clearly indicating 
that doling the third, fourth, fifth and sixth seasons following the 
apphcation of the heavier dressings of basic sla^ bigger returns coold 
be obtained by a further dressing of phosphates. Gilchristdf) and 
8onierville(2B) have pointed out that far from there b^ng a falling 
off in the response to basic slag at Cockle Park, the live weight gains 
are gradually increasing over each six year period. The improvement 
is slow, but it is due to the very slow building up of the phosphoric 



x^ 



acid content of the soil. Suofa a result serves to conflrm the concliision 
that phosphoric acid is still the limiting factor at Cockle Park, and 
that until the demand for phosphates is satisfied it will not be possible 
to establish a permanent plant of clover and no improvement in the 
condition of the clover plant or in the live weight gains ceui be antici- 
pated by either the addition of lime or of potash. 



Why thb Cloteb Fails on some Fastijbbs i 

DTTBINO THB DbY SsASON 



Essex 



If the failure to secure a permanent bottom of clover on Tree Field 
at Cockle Park is due to an inadequate supply of phosphates in the 
soil, such is not the case at the experimental centres in Essex where 
this difficulty has been experienced. 

An infection of Fig. 26 shows quite convincingly that at Martin's 
Heame and T^ea Hill phosphoric acid is no longer a limiting factor 



,y Google 



LIME REQUIREMENT OF THE SOIL 105 

on the treated plots. A chemical analysis of the treated soils, moie- 
over, reveals the fact that even after four years one-half of the 
original dressing of 200 lbs. of phosphoric acid is still to be found in 
the first nine inches of soil. Table LIII gives the total and available 
phosphoric acid found in the soil from the basic slag and untreated 
plots during the autumn of 1919. By assuming that one acre of soil 
to the depth of 9 inches weigba 1000 tons, the actual quantity of 
available phosphoric acid in the two plots has been calculated, and 
the excess in the basic slag plot taken to represent the amount of 
the original dressing still left in the soil. 

Tablb Lin. Total and Available Phosphoeio Aoid in the Soil 
iBOM Basic Slag and Unteeated Plots, in the Autumn of 1919 



Samples taken 

Antunuiof 

1919 


Latohdiodok. 

winter of 
ldl&-16 


UABrm'a 
HxABira. 

winter of 
1816-17 


TrsiaHni.. 

Mannreeaown 

winter 

of 
1916-16 


HOBHDOII. 

Manures sown 
Feb. 
1918 




•Ug 


^U 


•IM 




dug" 


tnatod 


S^.^d 


t»^„ 


Total P,0, ... 
AvwlablePjO, 


-0134 


% 

■077 
-0066 


-0108 


■0046 


■0102 


■0051 


% 
■082 
-0106 


% 
-078 
-0030 


Amount of 

P,0, added... 
Amount foutd 

in citric aoid 

eolution ... 


IbB. 
200 

300-2 


Ibe. 
147-8 


lbs. 
200 

241-9 


lbs. 
1030 


Iba. 
200 

228-5 


Iba. 
114-2 


lbs. 
200 

237-4 


lbs. 
67-2 


ExcesB of avail- 
add 


1S2-4 


_ 


138» 


_ 


1 14-3 


_ 


170-2 


_ 



The above table shows that from a half to three-quuliers of the 
original dressing of 200 lbs. of phosphoric acid still remains in the 
soil in an available form, and such resolta but confirm the conclusion 
that lack of phosphates can not be the cause of the clover failing at 
Martin's Heame and Tysea Hill during the dry season of 1919. 

The apphcation of lime at Tysea Hill and Martin's Heame at the 
rate of 36 cwts. per acre of ground lime is more than sufficient to 
satisfy the lime requirements of these soils, and it would be reasonable 
to expect that if soil soomess is the only limiting factor to the 
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growth of clover, a pronoonced improTemeot in thiB respect will 
foUow the application of snob a dressing. 

Huoughout the whole of the 1920 season the plots were examined 
carefully every week. At Tysea Hill oloTers were practically absent 
from the limed and unlimed portions of the plots, and it was quite 
obvious that some other factor than lime and phoephatea was pre- 
vmtang the development of clovers. 

At Hurtin's Heame there was a good bottom of clover on all the 
plots although it was not so good as in 191S (see Plate IV), and no 
improvement in this respect was evident on those portions receiving 
a dreeaing of lime. 

Table LIV. Botanioal Analysis of tsb Hat on Limbd and 
TJNLiHaD Plots at Ttsea Hill and Mabtih's Hbasne 





Per cent. <rf Clovwa in the Ha; by vcdght 




Plotl 
Basioslag 


Plot 2 
GafMrook 
phosphate 


Plots 
UntKiated 


Plot? 
Untreated 


Plot 10 

Open hearth 

alagUghtdreesing 


UDliined portions 

(rf plot 
limed portions 


5-9 
8-6 


4-4 
6-4 


4-4 
71 


0-8 
2-6 


38 





tiAxns'a Hkaknk 






Per cent. <a Qovers in the Ha; b; weight 




Plot 2 
BMJoslag 


Hots 
Unseated 


Plot 4 

Gafsa 

phosphate 


UnHmed portions ... 
Ijmed pcntions ... 


27-fi 
18-7 


ll-2« 

7-2 • 


3S-0 

20-0 



* Mostly purple vetoh and bird's-foot trefoil. Lees than 3 % clovers. 

l^ese observations were fully borne out by the botanical analysis 
of the hay at both centres on ^e onlimed and limed portions of the 
various plote. The figures are given in Table LEV. 

Whether the application of lime will enable the clovers to maintain 
their podtion at Martin's Heame remains to be seen. If they fail in 
a dry season as was the case in 1919, then clearly some other essential, 
probably potash, is the factor limiting their growth. 

There can be little doubt tliat at Tysea Hill no further improve- 



,y Google 



LIME REQUmEME^fT OF THE SOIL 107 

ment in the yield or quality of the hay can be secured withont 
the application of potaah, and that neither lime nor phosphates nor a 
combination of the two will soffice to maintain a permanent bottom 
of clover. 

One other result calls for explanation. The superphosphate plot at 
HoTodon, in spite of the fact that the soil contains a small reserve 
of calcium carbonate, has never held the same bottom of olover as 
any of the basic phosphate plots (see Plate VII and Fig. 11). Samples 
of soil were drawn in the antumn of 1919 from this plot, and from 
Plot 1€, which received the same dressing of superphosphate (200 lbs. 
PgO^peraore), and in addition 1 ton of lime per acre. On both samples 
the amount of citric soluble phosphoric acid and the lime require- 
ment were determined, the r^ults being as follows: 

Plot 15 

Plot 13 Snperphoaphato 

SaperphoBphat« and lime 

TotAl phosphc^o acid ... 
ATailftble phoaphMio add 
lime leqairement 
CaMttin carbonate 

The figures indicate that the inability of the clover to grow so 
vigorously on Plot 13 as on Plot IS ie not caused by sourness alone, 
but is mainly due to the phosphoric acid having been retained by 
the soil in a more unavailable form than is tiie case on Plot 15. 
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Pouring Slag and Metal from Basic Open Hearth Furnace. The molteu slag 
is seen avetfiowing from tLe steel ladle into the slag ladl«. 



Nauru Inland. Shipping phosphate in hulk frgm Nauru Island. The phosphate 

has to be lightered off ia snrf- boats— over 1000 tons can be shipped in 9 hours. 

The Nteamer is lying in 150 fathoms of water. 
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Oeenn Mniifl Fhoxphale WarlciHgR. Coral piunacles after most of the phosphate 
has been removed. A few feet more phosphate available below rail level. 



Ocean Island Phosphate Workingii. Foreground: Most of the phosphate has 

been removed exposing the coral limestone pinnacles. Background: Phosphate 

deposit is intact and existn mootly in the form of gravel with occasioDal large 

boulders of phosphate rock. 

Coco-nut and other vegetation all growing in phosphate. 



„ Google 



Plot 1. open Hearth Flnorepar Basic Slag. Martin's Hearne. June 3rd, 1918. 



Plot 2. Open Hearth High Citric Soluble Basic Slag. Martin's Hearne. 
June 8rd, 1916. 
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Plot 8. Untreated. Martin'ti Uearns. June 8rd, 1918. 



Plot 4. Gafsa Rock Phosphate. Martin's Hearne. June Srd, 1918. 
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Section of tlie Soil at HaiHaobury showing Uie preHence of chalk about S feet 

below tlie Hurface. (Photograph taken from the ditch at the bottom of 

the experimental field.) 
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View looking down Untreated Plot K, Homdon. July 1920. 



View looking down Cleveland Phosphate Plot H. Horndon. July 1920. 
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Basic Slag plot at Horndon. Aaguat 1919. 



Untreated plot at Hocndon. Aiifiuat 1919. 
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Gafsa Bock Phosphate plot at Homdon. August 1919. 



Photograph of clialk pit at Saffron Walden illustrating character of 
soil at Wcnilens' Experimental Centre. 
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